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[aia-J* ti** 1 



tela* jJl^lSjJJuUuLul jaia^HI 




AaJUM 



dsL^jv^Hi! <La=_jIu ALcIuiVI Ijui (^Lj^j <(_|aaJI Jjj^u ^- Bj^jUJLI 4 j i ^ 1, 1 j 4_j_L,i]lj <LjlL2IjJ I cJi-iLLajJI JJLtli 
0.Sjlj^J (jt^C- 4p'^ - l - a -''- t j J a I — '**' a (j-L^J -^W^! J^*"- 1 6^ T* ^r ' . " ""*"' Lr^ (J-* 3 ^' Ijufc 3.sLJ2 (jjJ (j-a 2JljJljjJI 
^jjju J < V< t i^j^_uJI aJlSIIJI 4_La=_c *^-i ^- LaJiJ2 jlj-cTu-uVI (J^-I <j-a ^jLcjVIj aIsJLj pg-L-nXI «LjLuIu 3^J2 cr^-J 

■ Lulliua 4_ajLSlll JjjJI l-Sl Ir-ll, JUj <tL)1 

<Lo JlSHX I 4_jJjjJI <_sjL*-i!l *-a (j flUj 4_uL>ij| aj U V wuiLLlI jjijlajj ^1 j -1 uzZl 4_aL*JI ijl^VI < _ » La >• Ju2j 

d"l ,^. .^.-^ 1 2 3 I ^— . t ( J j ^aJ| JJjjji '"'I ALalLo (_y^=l —- ' AjjJljv 4_iaJLc (_i_l!L-uI (3^J ' Si-^J^ 1 -^' PJ-^'J-r' *• . ^r 

i>j_j£=jJI (JlU-i (_£ Jl!1 4_iiLajJI 4 j '< @ 1, 1 j_uL*J.I .sIJlcJ pj)j_iIu-<3 I§_ 2 j La a* ? I ojui CiJilcJ Ju2j < d~l ,IU" a (JT JoJ 

Jjj^u (_p-*-> 4j <^> <*~>-». 1 d)G»<J Jj^""" 1 '""' (jyic- >-#->Gj 4-J^^' Jla1*3 il ( 4_j_ujJl1!I ^l-oIj_l!I *.Lu ^_ 4_JjjjLji2I 
1_£Jl!I (_ylq.il I *JaljJI *-a 4_ujL»JI 4jJjJI Jj^ljlu 1±^JL>«J (jyi^il (_(JjJl1!Ij (j^-^JI ^-lLClU 4_aL*JI 4 1 11 1 'ijJUj (J-*-*-" 
j '^— 1 1 (jr ujJiJ w_aLJ)_iJ 4jLaL=xILa 2j LaJb 4jL$_<JI ^_ (jLaJLlI ^>Jui T^iellJ ((J^jlJI (33-^" ' - .' ^ ' a ^L^J- 1 ^ 

.4_JjjjLj< 2 I d"l JU* ^ jj^^- ' ^_ 4_JJL2lj j"'^~ >lj ' (J-4-*-!' (_gJ-i-i±J L£l «^"<tl 

4_j^xjl!jjJljuJI 4 ^ La )VI 4_iiS3 <j-o£ (^jJuJL )«jIjJLI 3jJl£ <J1jLjUjiLjiI 4_ljjjJl1!I 4_ljlSj>JI t>J_& (JjLiluj 

^j^ , ^>^-"1l (VJ 4_aj^Ul <J1jIjL^JLI c_)L< ■■"^— >l 4_jjijL=3 (JjLuj 4j^jjv <J1j Lc jjis j-a 4_u-STl! I d)LiIi=aJJ 4_jjLa^juJlj 

j^l 4JJI (j-a (J-aG 4_j_ujJl1!I 4_tjLi>JI oJJb tiljJy (j^> * « ^*" (jj-*J pp-ALuJ jj^Lajj < j -: uaul 4_aL»JI Bjl^Vlj 
i iuugjul) £yi jl-><J i-La uj-la <_jjJLjiLj 1 4_aj^L!l 4jjj)j_tiaJI diljL^JLI (J-u^aG ^_ j-iIuLj-a J*^~ 1 -"^ [C g 1 ■■" <ji (_>>-J 

.diljL^JLI ^jui (— )l 1 uIL^al 4_JLc£. ahJij (_yJI (J I ^~ l tSi^t t_g <— >l ^j;'-^" 1 ^; <JLCli-uVLj 

Lay )>_ta.i-u <LJ| ( ^Ltisjj^ 'Lj-^ H L^La ,jj 'j^" 1 <-u-Uj L&^IJlcI (jyic (j^-*jL2i' (3^J^ 0~^ (JGxlJ «UJIj 



^-aLli,! j-jj u"j ^ j 1 <qj 1 4_4L«j! Sj! ji! 










J_& 4_ui>JI ^J_& 4_<_ulj_S (j.^5 (_3Jl_ ( Jlj . *_jlji,l 3jJ_£ (— 1M ( llL-uI <Liil>. (JJ— * 4- ^yj^ 1 -'-^ ^ .'J^^"^ 0jL-& 

{U (J-^J -f - -^J - ^' 0JL-& r*l ^— I >i ' (_jJ-!l (j"U 'jJLM 7:1"?" ( il V I J Jg <n ( jL-C. jl (JjLj-U ) *_jlji,l ^_ys\^~ (jylc l_3jJLi!l 

3jJ_SJI (J-Sj J_cIL*j ^tP" ' SP^W-'-^J *^3J^~£t^^ ' *J (J-l^-iTujj J j a u 4_<_ulj_S 2— (j\J\^2l\ oSJb a I JlJcTu-uI 

.(J-2-! d^Ju-a^~=: ~ jLc. jl (JjL-u — *JsLtl (jyic. '"" aj.La.llj £jui ^_ 
*_jlji,l (_)^alj^». 4_2jJt_a (jl-2 ^LHJuj *_jLtl i La-i us j uJu Jjj^La (j^l '"" ajia-lll ^_ 2jJlSJI oJui (JJL) (*JJJ 
I ^l^"" 1 l-il—alLcl J-qTtAj ^Jlj I gjl <Lij Lajj 4_Lcl_L^aJI L^J-jJ j j J-£«J I f«JL*J ^_y3j^. j-p-t3 I g -i^— • i >■ i (_jjJI (j"*-i 'j-^' J 
Jlju i La j » ■ b 1 1 *-'j-J' «>3 Cr^ 1 jj ^— J I— '<-& ^L-clcVI jLa t ciLpLajjiJI JLjta '4r I— at .4_1jLlu_!I ^j aJI < jr lc 

.(_uljjiiJlj 4_jjlajJI (j-o d ajiaJjj £.sl JlcI 

: A_j3"^i 1 diljL^JLI (j^a ajL^_l!I ^_ <_jjJlLU jj^-— • alb ^^-— ■ 1 4_uIL><JI ojui Cl<u.i^ JlSJ 

<— iLlJI" '"JJ^.j<j^ 4 j i iiL-u 2 I (j-tjIjJiJI ?«— ° 4 -t^JL-tJjji LfrJI [C La ' U ^ jJt-LjJaJI (_)^alj^>JI (_3j_slj (jl • 

. di L^a Lb Jsj j J41J I J 
I /j"l A ,^«lj a JuJj>o ■» _■ Laj i uja ciLjjajJi.ijJl tliojj (_)^alai- i_3>*j (j I • 
.j-luj\^X\ eL • La » ' ^- 1 1 ^_ JuLaJI <— ) 1_> Li-clT*- ?.Ijj>.| • 
'"'I t: ~ 'J ~-t \j i~il MjU , „SM j '"'I se <ia 1 I jj-aj i2j_»^3j (^LiijVI (_iJ^3jHjl (JjJ^I AjijJiu ^2jjt_o • 

.(jLjj_<jiJlj i La » >iaj| £— p i -'>*ll (— iLaL«^i^3 Ltiajlj 4_j^j_jJjjJl ; i ( JI 
p^-»* II (__)la I j—C. *$ 4_^LLaJI J all Ja_»_<-u^^3 , La j » . ^ 1 1 ^.Ij^Jl! 4j mLa^l ( _ > ^alj^>JI 4_2jjl^5 • 

, La j » - b 1 1 ?.I^Jl! 4jjj)j_xiaJI 4_tcj_L!lj 
4_JaLLaJI (J_j^>iJ 3j_^>-Ij ( , La j » < b 1 1 "lj Jlj"^ >ij J_Lc 1_^jLcIj-<3 (_lj>.IjJI (j ii ( ii 2 1 4_2j_»^3 • 

.4_jjLo^ : ii!l i^LLaJI ^_ p'-'^H ij^jvlj ^.jjLa^jjJI 
jL=l^VI jJl! Lu-t-.-uj 4 Mr?-»JI ^a Jj^l <J1)IJlvjJI I^_ Lpli IjLiTlvI I L; La c I Jil Lot Jl Aj^UJI c. 




AjJlJJt i-uJI 4 .jjjjtjl 



JL! 



.^ifflp ll LUjiiJIg .^inl l pilnlll nnlnll niniiig gll 



jji^irijjjuUwUi 



Lu^jlliJI jLuVljoljt^il 



J 

3 



J' 



) 




^ 



*& 



^^ 



^Ull'^'' 



i>4 u uiji*» 3^' e*"* 






.(^J-Jb^lVl AliaJjIj till Ju^jll (jyJjJiJI aliaiJI jrlJ La-t2 Jjjselllj 

: (JT ic Ij^LS ;jj^~~ '" (JJjvjJI oJJb J q"^-." LaJ_Lc 
. I j Lu L*-i2 Jjjj-aliJIj ^ SH "■ 1 1 cIjIJljvjJIj 4_j_<_uL-u 2I <J1jIJlvjJI A^jjla 
. (^J-Jb^iVI aliajjlj iZi\ Jl^jII (jyJjJiJI Allalll q-u ,Jj^il!1 

A ^ * * (j^i 3jl Jl^JI ojui uL2j| * < '"*' (J-23 V (jl 













JljV 4_JLc .aI_J2jVI 4_JVJij L^_Lc j_ujl1!I AjI giJI £_ t_xj>o ^^u Jl1& j? (jyJ-23 ti*-=»o i^V <-wJ=xJI ?cJiLli!l J I 
[C-IaJ II (JLjJta 2— a I JlJcTli-uVI 4_»jLiii]l 4_j_<_uJi_Ljl '"" J^^~ ' 11 ' fl-^gj (_jjil <— il JuvjJIj _sL*j}L! fz-uz IjJI ^i g.aJI (j-a 
£jL_lC J_*_l!L9. .Cj\ JlJvjJIj .sLsuVI ( _ y 3elIa-Li3 a ^-J Ja_L>JI f^^-^- l^>- (*-$-^ (J- J ■ SH '- <5 3Ti-^ ' J ^ ■! ^~' ■! I? J iL-XyJ 1 

. 'L-uljjJI d>J Q 1*~~ '"' rp-J* <LuL\_uijl 4_mJ=xji (_kj^aj •»■ I U» i ^s rt ^c. 

I^Lftjf * 4 ^^j .'"'*"' ^ ^* ^tl ' 2jlj_»J! ^>-j-i ' icj_txiJI < o-^j-" < * h^— tl / j«s_a5^»JI < ^LxJLI / JjUtloi 

. ,_£j^I 4-JV Jlj .sbuVI 0jui (J^jlj (j^l j_ujl1! I _ (JL>JI ■* K-ixLaJ _ (jJ^j-SJj . ■* a D he. " 

. (j-ajJI (jyic ^ aj 1 ■■ S a ( (^jla Juu ) 4-aL.u.U (JT ji 4-Cj_ 1 _aJlj (JjiaJI f-Jj-a ^^yji 4jvLi.u.lLa 

(jLb I JwJj • (j"*-*-a J^ftJ <— iLi 4_ia^3 jl JiILa jl f*^>- (JjjLjS £— aJlJcIu-uj >l'^'^" ^j^i SjLlC (j^S 3 JuvjJI Lai 

4 aJaJI 3j_c tiJLjji.j ^Jj LaJI Jlju (J^jLlSJ dil Jljvj I ^ L^a ^jj ^->" (JL^aVlj di IjILajJU^xJ I j aI JiJaVlj jLlaVI 

^_ aJlJcTli-u-j JljJlv aLlsj * J. "' ' - ' ' ' a "' ^ ' 2^-ti. VI ' - ' I JJ '^"' ' I 0~\ VI aJlJcTu-uj CjJIj Laj O-a JlJcTli-u I Cli I Jlv jJJ 

International cjI jl^^Jl! ^ L*JI aL^-LIL C3 _*<- u j l£P_U , j kill JjJlju ^ jl2s <uLi .^L*JI *Uo? ^j^ 

. ciLilll ^^ 4. (SI(^>jJb Ijl.^-vl Laj^lj System Of Units" 

2 ^uWI «_a ^L^Liilu t_3j_<-u 4_jjLajjjJlj ^ .t^a-tJjj! lu-JI 4_a_kiJVI (JU^a I^_ L_oLs tiUi (j— a *s_c.j_!l (jr JLcj 
<— 1 1 jj-iTu—Ll I 2— <— il—LuJIj 4_tcl_Lt-is_!l (Jl) La us I jX I (j— a \j u *-— i (jV tlLJij 2 J_jJlC <— 1 1 j-Li.u_! <J1j I Jljv jl! 4_a^jLSJI 

«Jlj^>.j-a O-Jlj La 4_jjLa^jjJlj 4_jj=xjJjjJl : i ( JI 4 aJiuVI (JL^a ^_ 4j mljjjl ' . < "^-— 1 llj 4_uii«Jlj 4_j_L2H]I 

Cj\ JljvjJI (j-a (J-j^relL! I ( jr J-C 2jJi_SJLI («^jJlJ ^jjJ=lj ^j! (J-ijjJ.T'-c.U JljV 4_lIc . <_Hj 1 JljvjJJ 4_cjJlSJI 4_aJiuVLj 

.(SI(^ ji ^ jl u^jiiii 













IJl_u i_3j_<-u dll JlJvjJI ( J_j^j>iJ 2jL^-<3 (jLSjV i <SLa2\ t—lj—tis <jj-* 'J'-^- a l£^ (jLSjV JjjJaJI (J ■^■*<*f ,j^s 

2jJl^ <— im ( iiL-uI I ^j*^ L*j 4 j ( hJ_LJI ajJLsJI (Q-LaJtJ (JjjLij/L—j 4 ^ /jt I BjL^JLI oJui (jLSjV 4_tre_u.^» jUJ I ^JiLaVL 



: JjVl JLJai 

— J! 60-— ir-j^Jj*. 
sec nr 



lft = 0.3048m ,lmile = 5280ft ,lhr=3600sec 



m 



0.3084 x — = 1 
ft 



5280 x 



ft 



= 1 



mile 

3600x — = 1 
hr 






' „ mz'/e 

60 

v hr 



^„ mile 

60 

hr 



r 



0.3048- 



m 



5280—^— 
^ miles 



1 hr 



(60)(0.3048)(5280) 



3600 



V.sec 



m | ^^ J m 
26.8 



sec 



3600 sec, 

4 j ( nljjjl ' . < "*-— i II (j^s j_ili^3 ^_j 4_j_<_uJ_Ljlj 4_ujJl*JI ajvLslII (J-^3 ^- cHi^ 6 -*-^ <— !^LaL*JL ,_)jl Juv ^ La «"j 

4 }j ^ ■ ■■ (_^=lj O^^Lcl (JLliil !§;- 4_2jj_LaJI aI JiielL-ul ,JJ=l-<w I aJ=3 c 
4 J^"~ 'J^JJ >-a<^I 1 4 ^IJmVI jJL^JtA ^_ 4i.qjCn.u_l I j ol _3I a I Laj <_jl JljvjJ e j _a "-<-" 4__>-lj_<a L-L-* ^ La * ' ■ ■■ 

.4_jjLa^ : il!lj 







( M ) j-a L&jmjj (1kg) Jcvlj ilj^-^Ju^, ^jLxuj <JOi=xJI fij^vj • 

( 1 ) j-& L&Jlsijj (^ISSCJ BJlvIj 4_jjL> ^jLjijj (j-ojJI BJlvj • 

(Ik) Bjuvlj jj ai^— . (^jLijijj 2jlj_>JI <^-j-i Bjuvj • 

: ( _ 7 ^ JLs-J.1 I JJt '£— <LaJiieIu.ul,l <La."u.at,l dl JlxjJI Lai 

3 
( HI ) L-cA^all j"H ^* pT^' 1 ZjLa>jj -p->^tl • 

. (m/sec) 4_jjIj (_)i=JjiL<3 UjjIjcvjj <j-aj-l! 4-u.aiIL ^aLxJLI juJu Jjl*^ u-&^ :icj_txJI • 

.(m/seC ) £-£>j3 <jJIj J^=J Jl>-Ij j^-a L&jl JlLo 4_L»laj J^lj alj^-^Ju^j 4_JQ^j J^" 
4 j ( iiL-u 2I LkaJt-Lea II <_Hj 1 Jljv^S 4_lIc .4jyL.u-U BJljvj ( jr -lLc i>j_2JI 4JLj • La » >iaJI i_3j_*j • , U » , ^ 1 1 • 

. (JSI/m ) ^>j-° J- la ' lP^tH cr* 
.(kg/nr) L-cA^auajix /alj^.^Ju^3 

. m /Kg «GJjvjj J"^-> II I Jlj>-jJ aj*-=»<-J I «LJLj i_3j_*ji^ 4*^1"^-. II <_jjJlL<j j-&j : (jr cjjJI aj*-=»<-J I • 

. (J) <_J>><-JI _$\ (N.m) j2ja . <j3_jjj ^^ Ujjljuvjj La (_)i-<i J-<a-*J 4_<...i.l1I (j^J "4^1 LaJI • 

. (Watt,W) Cjiyi UjjIjcvjj JJuUI jL>ol <JJl*^j L4JI Cy ic l-3jjuj :2jJi2]1 • 

^_ I ' -1 gj L<5 (j_^xJj < I j '.^ ^- LJ (__)l3J_iLl! I Jlic L$jl JjVJ 4_La-l.uJJ 4 ^JJ *"' ("**' J ' " '** „ ^^~* 'I (J^ 3 -*^ l£JLIA 

. JaJLL^JI • 

- £ - 












. ( ol cjI j^j ) cjI jjvjJl! ^jjJI aLliIJI JjJaj (jyJb L*j^ <_ iLLiuaJIj ^Loj^jlI!! *C 



JljvIj aIj^>- jJU=j Lijl JlS-o (_jJ-!I 4jQj=xJI (j^l /^-J-ij^ • 3-SLj (j-a *u.ua1I ^_ La jl jJLa L^JLj 4jQi=xJI i_3j_*j 

.,j^>J^\ 7r t-i in JlIc 1 K^Pct ^jLlxlJ (jjj (>jJ2 (1 Kg ) 

: (^ojj (j ajLSJ LS-iia 

a . m = F 

^ 1*1^-. II (jy lc fijjjJLI (JT ji 4_uJsj^?l 4_j_oL>JI <LL-*-C ^j^=lj LaJiic < ( rfuJ-2JI ) i_£p-t' <— il JlvjJI a Lta.ll I (3^ 3 J 

: j^=3 

g . m = F 

lKPa = lKgx9.8^- = 9.81^ 

sec sec 

. F c^2]\ <j-uLjIi] N (jjjjlll 2 Jlvj aljuJeTn-ul *u^ (SI dil Jo-j ) CjI Jlv^I! (jyijjJI aI talll I§_ Lol 

. llTl/S 0j1 JlL<3 LcjLxU 1 Kg L&jl JlL<5 2\~,^-> <_jUcl^5V 4_aj}U1 B_$2]1 jl JlL<5 4jL N (jjjjjjl L^jJUJ 



lN = lKgxl — = 1 y 



„2 2 

s s 



!KP = 9.81iV 



IKPa 



ION = IdaN 4-uj2u}\ 4Ja}L*J1 aJljcIxxlJ LJurj 



: 1 LaJ> (ia 1 1 



P=^ 

A 


P = ,U;,mi 

F = SjJiJI 

A= i^Lud! 






KP/cm (_yA ,U:.MI (j^LjS 2 Jl».j euL^ < JjLJI 4-j 

lKP/cm = latm ( sj^Ij ^^. Ja_L^ sjcvj) 



: (j I j*-ILb t fiaill (j uLj-flJ (jjaxll! Bjjva a I JuelLm l ;*-«9 



lbar = 10 N/cm 2 = 1 daN/cm 2 



1 bar =1.02 Kpa/cm 2 



lKPa/cm 2 = 0.98 bar 



JJ-jv^j 4jvLi.u-Uj (JN ) <_Hj 1 Jljv^j 2j_SJI (JjjLSj ( (ij! <— ll Jlvj ) dll Jl>-jJl! (^jjJI a I La.ll I a' 



jL3e-u-ul Jiic 



Pa (JL=ljjiLl!I /*3Li!l JaJt->iaJI (j-uLj^ 2Jljvj < jy lc JjlLajj < IT1 



2 



lPa = 1 N/m 2 



1 bar = 100000 Pa 
1 bar = 14.5 psi 

aI LaJdl ^_j .dil JljvjJJ ^jJlJI a I Lail I ^_ 2^jlj_!l dil JljvjJI (J-cjJs 3 J—aTn-a C< < <t jJ sJljvjJI 0Jl_& (jl VI 
(ji-J <3j-^' CA^ O - ^ ) J^~- ifoJI . i3iIaJl I i La » - ia 1 1 bar 2 Jlv_jj (jjjLSil JaJLJaJL Jl-i^JL < CjI JlvjJJ ^jjJI 

.^jjjLflJ.1 i LaJi JaJlj (j LLa U i La » i ^- 1 1 













p a = 101,013 bar 
Pa = J^** *k" 

p a = 1,013 bar 



yP a = bar 



T 



T 



Pg = 100 bar - 

Pg = 4j-U* Jaw 

• Pg - bar 
pg =-1.01 3 bar. 



i 



0,2 bar ^JL .Ui 
0,8013 bar ^jJik. ^ 



J^U£0% 



jUUjAtatt. 

J^Jii 100% 



^Lsll ,U;,Mij jlkii .Ui.Mi ( > . 1 ) Ji 






\ I II t 1 1 £.l\_»-l 


* > ■"'• ' ■* , ^ %/i 


I ^<-l ,>, 1 1 


> J J! 


<t-L.iiZ 1 


i ^<- 1 ,>,i I 


> J JI 


rfi_t_u 2s 1 


lO" 1 


d 


deci (j^-s 


10 


de 


deca L=^ 


10" 2 


c 


CClltl /." ( ( ii 


10 2 


h 


her:tny,<£-, ,a 


lO" 3 


m 


milli ^ 


10 3 


k 


kilojjli^ 


10" 6 


u 


mirrnj^^^.U 


10 6 


M 


mega LL^ 


lO" 9 


n 


nano ^iLi 


10 9 


G 


giga Llji 


lO" 12 


P 


piCQ jj^n 


10 12 


T 


tera lj_u 







j ^-— I 1 ' 4_Lt.t.a ^ 1"^—- I J (*U>-j-!l) 4_=3J^>JI 4_lAJ=xJ (JT L<5J_!I J-lJuJI (JJlJL^J X_<5 C I ( llL-LU fij_2jl Q ] ( jr -lLc (J^3-Lj 

: (JT JLi!L==i (jjjjj (j^JLJa <bLi^i 
F = — ma 

(jr lc 4_jI Jlvjj 4_1a-jJ2 J-cIaj O-jLj jl JlJLo ( _ 3 _& g c j 4_La=_*JI ( _ 3 _& a j 3 1*1^-. tl ^_4 nij 2j_SJI (JT ji F k^p- 
I o~3 i_3j_*jj (jjj-jjJI (_y-A 2j_SJI 2 Jljvj jj ^— ■" SI a! taJcJI ^_ .4_La=-*Jlj 4 1"^— • ]|j sjJlLJ A^ajLselLuiXI <_Hj 1 JuvjJI 

1 m 

INewton = — x \kg x 1 



9c sec 2 



Newton x sec 



ub J_ xlIbmXg JL 

g c sec 2 



:<jLa (^J-Jb^iVl aI taJLtl 4_j 



I juk ^UjS j? £j_». £_ 32.174 m ^ ^J-Jl^jVI ^Uull 4- (g c ) J 4_ojiaJI ;«j3tl jl Ji^>U 

lb f sec - ~ ~ ' * 

.lL2£ JuvIj ^^jfc SI aliaJjl 4- Chilli 
£^_j ^JaLLaJI J-j^reliJj BtU AjjIj^v iJaLLa sJlvj (JT ji ^j-iL^jVl aI talll 4_ 4^1 Lit ^ajLselu-uI,! <— il Jlv^I jl 

t^LlILs (_,_& SI CjIJls-jj sJi^yi ojui 

1 Btu =1054.35 J(orN.m) 

t (SI System) uUb-^U^LaJ^OiiJIul^ 

: dj I Jlv jJJ (jr aL*JI a I la-lll <Jljlj_L4_4 £yi 

.isjuvj^a 4_j_<_uLjJ2 '"'I sella isa a .SjjvjJ 4_ia1*JI <— iLajl<-U (J-SLaJ Jj^ i ■"' • 
. aj-iTu-tJ I '"'I *<* I Lea^aj ?.ljp.I aJls&Iu-uj a I la II I j2 liJUjij (JliljL-aJeJj (j-i-aj^Ul ^-^^'j OJ3jJI j_l2jj • 












kg (j^-Aj Lc^jI JljvjJ 4_ojQit<3 s-L-k-u? I <vl Lag I if jjjJIj 2 h^— II ( y^_i (joijj ^? aLsJI a! LaJLlI < jr -*-H • 

.(jj^U N j 4 1-i^nlt 
_!l jl J _3I L^jJljvj 4_J3LLaJI ^lii-q-3 I ^"'J^j'' Cj-aJOi-l I— «-^-a S— ulj-lLs 4_uj.=j (_^=l! 2 Juvlj ajuvj tiJLlji • 



W <jiiljJL BjJlUI t_<-i.a.*vl i 1^.\-uj <J}L>. i 400 kj Lc^ia J=i ^^lUjjLAti ^ j^"»U^ oi=3? lil 



: J_»JI 



Power, P = 2 x 400 



KJ 



P = fsOO^Yi 00 ^!^^-] = 222.2^ = 222.2W 
^ hrA KJ A3600secJ sec 






E! = 4000J 
E 2 = 10W.hr 
E 3 = 20 kN.m 



Btll j KJ _) CjUaLLaJI pj-*^a Jl>-jI 



2]E = (4000J) 



KJ 



J , Y3600sec 



\f hi ^ 



+ \ 10 hr 

1000 J J { sec A ftr 



kj 



v 1000j y 



(20KiY.m) 



_K/_ 

KiV.m 



^E = 4 + 36 + 20 = 60KJ 

YE = (60Kj{ WtU ) = 56.87Btu 
^ V \l.055KjJ 




AjJlJJt i-uJI 4 .jjjjtjl 



JL! 



.c^ifflg ll (iijiiJIg .^inl l pilnlll nnlnll niniiig gll 

gfttUI jJ»b3j fti*«ai: A»L*Jt Sjbtfl 



jjl^l^jJJuUwUl 



x_j|j^Ju 4^L^_iAJ! ^sljj>JI 









Y 




^ 



*& 



^^ 



^Ull'^'' 



i>4 u uiji*» 3^' e*"* 






:JjlJLfcVI 

: (JT ic lj-sLJ2 ;jj^--" BJjvjJI ojui J -1*^— ■" LaJ_Lc 

X *\ * (j^l fijl Jl^JI 0j-& (jLS3l 4_ujiJ (J^J V (jl 

t BjlJLtJIuLlIxw 







(JSIj i >i II Lj=ijjL^ij-<5 (jjjjJlj (_$ J— !l *— IaJI j-jt *_Jslji.l L^ijJL^xj-aj .^IjLiJIj (J-ilj; . u II ( _ 3 _ & .slj_ll ^j_&j 

(j ■■ a ' ( jr J-C L<-uL-uI J-aTuj^j .4_^3j^>JI j jj^"~ ' * " II ^- ^lj-*l <J-°J^ l^^' (*1»JI jji ^jj>-I * *J'^\' jf <JliljLiJlj 
: (j-La-i-u.9 Jl *_jljJ,l L=ljjL=lj-<5 f<i _■ i .< Sj (jJ=j_aj a A < s*\\ _slji,l I ^— i _■ 'I ^-— lj a ^_ <LajLseTLi.u.U ^£-SLl1,I 
. jj^ " ,11 ^JLjv 4- £^' cr^ 1 *A^' i£a^' 4-<-uljJ ^jfcj : j-jIjII L^jjLL-uI • 

. i^aj^sJI *.l_«jf j-5!>tl ^-ulj^ (jt^j ; f->L9^' l^— j^l 'j s • 

( _ 3 _ia2 4_t/a^_jJI LuLjjv ^_ 4_l*Jj i_£Jl!I JjJ^I 4- J-^ 1 ^- 1 L^iAic- LaLa-s •*■ • '-*•"'" xjIjJLI I ^— • jj! *^— -j a A-t-aJhl jl 
Jij—Sl-oj jl—LLa^l diLj-a f-2j-J <_y-!l ** j^sljJjJi lu-JI 4_sl2IjJI <_dl_L<i 4_jjLa^j_L!lj 4 J.^~*^3J 'ji^ 2 n uWI (JU^ta 
djl_^=^>JLl jl '"'I MjU. . ..VI J| d g-Q-jJJ <— >1 al o caJI (jjj^la j-C ^ (*^=-*jJ I J 3 3e >ia a (jjjij_L3 j_c OjJ-^ ' * ' ^ 
(Jlll—LupJI (J^Ljw *.UI *_2Jl3 (_y-!l ^-^1-^' itaJaLm-U j_^j ^Jl_jJjj ,Jj_L3J L^ajL3eIL-u-J (j^iJI *.Lj^J=xJIj .4_l!jjJ_1jJI 
Jl_l!j1! 4_jjUc_l!I (— iLujpJI <J^L>. £-2Jlj ;_£ JJIjUt-JI j^a 4jjIj_>JI 4Jal LaJI (j-a jl 4_uj^=JI 4Jal LaJI jJjj cpJ'j 
•»■ <^> j JijJjjJI j < (JJjLlI!! 2jl jintl ^ La »" <UjI^JI diljLLaVl I ^J^ < L&Jij^J (j^tJI LuljLjj-uj .4_jjj^J=JI i^LLaJI 
( _ 3 _Lc ->— oTl<3 4 j^a 3e-t!uj| L_(jLp- (jl (J^ I j I a 7~ a ^_ ajLli-u—U L^>oL=3 jj ^-— ■" *.lj_jjl 4_aj|JLaj i (_i-_uljl j-l-C 

.jtjIjJLI L^ljjL^ljJL 4-jJU-c jjt l-LLulj-iiuj LjjjijjI I§_ i_£j^>o ^5 JJI 3l_pJI jji ajJLs i jtjIjJII I ^~ , j'^ ^~ i j A 

4_i2 Cx^JlJt" i ill LjjJljv stJilji.1 L^j_uL^j_»-a (JL^a I§_ CjJlJV (_£ jJI jj U*itl (J^j (jl (_,!! LlA 2jLiVl j-a JuV 
JJ; ^ jjJi t_^JJ j-^j-a ^^1 ^c-^UJI JljLaj .(X^Vl CjVUJII Ji= ^_ JUJI ^ La^a <J^I CjU^UJI 

.JL>dl IJL^^-lj^ 



> \ 






2u3b>ulluL«ftl 
Density: p <alV=->tl /> 

L^IuLl=3 (j^=» q 'J .3-iLU tilt ,jj3 JuvIjJI (_ul=jJLI j^-t' ^ 1"^- ■ jj ,«j*-><JI 3 Juvj 4_!Li=i (jr ii *_jLa (_£] iaLl=3 

:LT JLiiL=, 






V m 3 

i^jj*- .u: ,xj 20C° Sjlj^v *-»>j<i -J^c- *'>(-"i 1000 kg/m igjLm-j 4c 3j1j^. i^j-s jlIc ? UI 4_aLl= <j1 
( j^^La 4- ^j 2 AljLJd<aiVI ^juLiJI jjijit u^v 4_3lii^=) 1.2kg/m ^jL-uj iaLi=xJI <jLa < ^jLc 

Specific Weight : f o-^jiJt ujy/f 

:CT JLiiL=, 



V m 



: ^LlJL—s 2'^l",^—tl <JVjlj ^yT.jjJI (jj^JI (j-c j-uu (jl ^j^— qj Lei 



Specific Volume : v ^jill ^<s^>JI/T 

J-LJU J fi^Lil jj-fl JjvljJI aIj^V jJU=xJI («-3tJV jj 4_lli=xJI 3 JUVJ 4-lJufuJ (_£ jjl AJStUsJI 4JU (Jr CJ_(JI AJSiJsJI (_3j_*J 

t^LnJL^i LuJj Lj j «Llc 



y 1 m 3 

m p kg - 



s r 












Specific Gravity : SG ^>UI J£U! / 1 

(4C°) X^LnJI ZjIjjkJI 




:jjij 4_jJLiLtl 
pxy = mxRxT ^1111 jl_*J1 j^JlJa 



: (jT ic J - a ~-'' 4_Laj 






lit . 6.3m ^Li3jl 



d- n / 

P — / 2 

/ m 



R(R = 287 y kg K) 



T(K) saiut l 2jlj^J! <^j^ 



P ~ 7m 3 



:0 "Y)Jll a 

jj_> cJlU t 4m L^iUjjIj 2cm Cy iiJ jJI L&jJ^a: ^LUL^s LajUj? r.ijU ,.,? 
. CjjjJI 4_alii=3 t-^-ma^La i 9772kg ^jL-uj c^jjJI <Jo=3 <jl o-dc 



:<U i^aJI lxul>u 4_2L 



(j^Jl^ o-a 



m /eg 
m = 9772kg 












:aj*-=»i-!I (_i-i-u--><j <Ulj.La i ■■ >l c*^*^*- (JJ->L^ (J-* 3 



V = -d 2 xh 
4 



^l_5k^.Vl ^Li3j! = h < ^1 jJI jJaiJI =d 



V = — x2 2 x3.6 = 11.31m 3 
4 



3 J j I La 1 1 C^jJI ^l"."^— ^jic J j ■ a se 1 1 2'^!",^— II iJ^L«^5 2_ (jls^AJ (<u 



m 9772 kg 

p = — = = 864-±r 

V 11.31 m 3 



(Y -Y)JHc 
ul>»JI jiLuf t-^ujvla < 6750 kg ^jL^ *U1 3 \"^-> c^L^,j < lOOOkg/m 4^li=j *Uj ^Ljj J^Iail 



H ^UjjVIj W ^jjlJIj L j^kJi 
V = lxwxh = 2wxwxw = 2w 3 



P = 



777 

V 



\ t 












1000 



6750 

2w 3 



3 6750 ,, 7 C 

w = = 3.375 

2000 



w 



= V3.375=1.5 



m 



I = 2xw = 2xl.5 = 3.0m 



.". h = w = 1.5m 



(T ~T)Jll a 



:J*JI 



(0.001m 3 ) ^i 1000cm 3 ^jL^ j^iyi^iUI j! U, 



: c^jijJI <l2Ll== (_i 



m 1.6 0rtrt to 

p, = — = = 800-^- 

f V 2x0.001 m 3 



\o 






j»i_MU 







: £.Lil a _l "^— ' J (j^'j^-H ^i) ^'° l ^"'^~' L^V * " " ( 1 1 J-&J _/*-2 'j-J-J ' ( — l d3-' Cr^-i - ^ J-——" Uuxl 



SG, 



P f 800 



P w 1000 



0.8 



: Viscosity ^-jjii! 

«L_ 2 ' " ' I ^-— ' j -- S I C_jj (j_o ' - a» 1 (J-iL—u M— -« *•— JlL_ c L_^_Li_> 4_jjlJ_3 4 tj g ■ •■ J ^|J__JI _)^> «-l <■_ )L___ 

_— — > *__ljjl -L. 4_l_i^3 L>_ I 0j__ .4_Ljj__u (Jj-iLAjl < *-—* -*•"' " 4_t_i^a 1_>- (JjL—u (J___J _)| (jyJ-iJ I Ji— >J .4_^£__o <— ll i ii M 



L^jj .(JliljLiJIj (_j-ilj___l _;i *JiljJ,l (J— = f«— - — s-'jj ' ' ^ ,01 (_plj-<-uJI _r— ^ *- : **Jl>—'' j ' ^~ **- 'Xj •'^jl}-^'-^ — ■ ^J-*^-' 5 
__>j_>_ (JjL_>_ (j^i-JI _>-3 —II i_?3-— -* *— <I—U ^LajLiLo _£J_t L_jLj__<j LAjLl__I _i~~* i i 'J .*— <I-U <— )Lj-i-ujI 3 tj g ■ ■■ (_r^-*JJ 

.<LL_=__ 
. j-LLTe.1 1 -^ I g i ul J^ 1 ) j^-~' i ' 4_l«___ 4_2Jij 4jvj)jJJI <_iij^___£_l (_)__> j_JI _)~~ i < ' 4_jJq]I 4jlj_t_JI *.Ij_vL>j 




ill'u <*J__5 

4_wjjJJI <jj^>o 0-Y) (Ji 



j-^-z\^ <_a_>1_ l_«__jL_vi ( ^ _Y) J - "" i "■ 11 j ?■— iijj-a j__ L_l___) -j-<"-»-A , ^. _y_j «_j|_a _ij_vj LL .l_<j__I lil 

4_l.li.u_U 2j__Ilj A fj-— '' ?_____ 4_vL_a_aj y _— — fc (j^-^J-—^' _>"W *ii— — _ttj U L_jJ__ 2 X— -I 4_Cj__i_j <_dj__e_u 

.F <___• rjilt 4___j_»_ 



n 












jiL^vVI I JLjfc . q^vjUl (j^j xjLJJ Shear Stress <_>^ -jU^-I ^^^i F 2 >^' j^ 5 ^ S^eli ^' ^4>*^Lj cuii 

: 4_jJl1!I 4j_5L*J,L ^ JJ? 4-^=j-stll LajLLa ;jj^~ '_' w -^ 4-J j-^j-J 




(j\s>-jA}\ (j^-i <^L 



Jll 2— j-iaTl-U 4_u.u_i.IL 4__.j -— Jl — L j.l-*l?I x_a C- i ( ulxb I J_* ^j-^^tl _Lj_v| (jl I ' _u I J^J 



*"w<* 






\£j>.\ 2j>^J 



*w=0 






- (_)___JI _Lj_wl 



< 4_jj___^LbJi]l 4_»*j)jJ_L 4_lIc i__)jLj_! La jj 4_»*j)jJ_l (J-aL—a-i i_3j__j La ( Jr -*J 4 1 < nL-uJI <___>Lj (JT ji /Y ^^p- 

: ( __JL_JI (jjjLSJL Lj_Lc j_L»j LuJjLj .4__.j___!I jl j_>_tlj ( _ ) ___JI _Lj_vl £j\i Xjjmju I (_,-&j 




/' 



iV.sec 



m 



Pa. Sec (j-i^-JI ) j I (<LJL . Jl-^— -ub)jl (*_>j_aj_La J^— 1 <LJL . ^J^jj) (___b 4_vj^J_l __lj_vjj 



(<LjjL«_uj=x]I ) 4—1=1^3 LjI_Li=xJ I 4_jvj)jJ_L i_3j_«j La < jr -& 4 oil"-^-. tlj 4_jj___^LbjJI 4Lvj)jJJI £j-t_j 4_l___l!I Lai 

Cinematic Viscosity 



£ 
P 



f 2 A 



^secy 



- 4_i__ = _^LaLLj___JI 4_vj)jJJI 



m 



sec 



L$_l_i3»jj 



W 









AajU^lUI^ 2uSyJ&)d*_)l A«i_Vtf I 'iuu_j 




J_l^ 



4___ 



^J)J-JI Jl 4 j mi lib <_jljLj_J 2 j^— .ul al Lt^=aJI 4__»*j)3-Jl U^ I— L& 3jL__VI jJl^> 



__ LoLLc 



Jl 4_n.u_t.ILj 4_A__)J_<J ( J_lj__lJ_ 4_A____L«Lbj_l 4_^J)J_JI -,3-Lu .(J_ljL_JI 4_3____> ( __j__>1 ___>__ 1 i-.i--i.u_t <_J_!_J 4_*_Uj._<5 

______ tl j^/ <_U_j _______> tl jj»" j __lj_J_U ^ j^— _"l ^1 Lt_= Jl 4__^jjJJI j_u_Lj .__ljL__U 4 j^— xal '_' ill 4_^j^JJI 

4_j__=_J| (____ j_ijj 



:4_N.jjJJI ___c. ojlj_»JI 4_vj_^jjG 
5_>._jjJul __jj_ij 2jlj__»_!l 4_>*j_ 2_Ljj_t _]_ I j.-u_U 4_jvj)J_JI _]____ . 2jlj__>_tl 4_vjju 2j__i___ 4_vjjj 4_vj^_JI j3L_3 
2_l_jj_t (_L__ _]_L__JI __L_uj_v _j-\_j _J_i_il_i_JI _^j-2 (jl Jl __U_ *__v.j_j^ 2jlj__>_!l 4_>wj_ pLajjLj __ljl_iJI «_j_^>-i 
4_=j_^ sj-*_= S_sI_j3 Ji *jb-*-^ ^JO-* pL__3_)l _»A>^ < <--tj-_li 4- -^ • ^M>~" lP" _7-'--'Wi *jb-*-^ ^JO-* 

__L_____~'_M 2j_3 Ji-JJ-J JL-JLiJ (_)-— (U-J Mjj-— ■ IU <J_L_jj_>JI 0j__> a_L -a " (Jju—4 fi-iLfj _^l _J_j-J L«_4 _l!l_jj_>JI 

.(Y.Y) ( J_____JL I q___ CjljLiJI 4_vj)jJ ^j^j Jy^ -s- 4 _i!_uj_»JI _ru _>--SJI _?j^j 



ii 



! 




";.?. *._! 



lj__, 



ijLiiij j-ij-ja ^_j>ui ___c zjIj_»ji^L- (y.y) ji 



jju 4_pl_j_L___Jlj 4_J___J^3_ojJI 4__vj)jJ_l JJ—3 I— U-U (<-;-- Y . Y ) (_)_ 



j(l_T. Y)J___AJI 



.2jlj_v 4_vj_ _;l j_L_. *_iL<s _; _* 4_vj)jJJ 4_C;L_ _£] -^L^ol _)~~~ i < ' I ^^—^ . i_jljL_Jlj ( J_lj__i! 2jlj_>JI 



\ A 













I X 10 2 



-10 



Temperature, ♦ 
40 60 80 



1 X 10" 



l X 10- 




1 X io- 4 





rN 




H 


2 


>> 










'■■: 










1 X lO- 5 


> 






8 


■^ 




rn 


d 


F 




fl> 




c 






4 


i4 



1 x io- 6 



100 150 

Temperature, V 



200 250 



I X 10 7 



2jlj^>JI ^vjJ^l L^TiS^Lcj £->'j-^ j^';t ^j^— j"l -l : J^— ^ <Jvj)jJL!l (I .T.Y) J^a ■ 



n 













1 X 10- 2 



20 



Temperature, ^ 
40 60 



_3 
O 




1 X )0- 7 



100 150 

Temperature, a & 



200 



= 1 X 10" 5 



250 



cjlj^sJI ^-jJ^ I gjja^ c j jjIjII >j ^ * .' * (S-flilail ) ^j^— ^ol Sji ill ^.jjUl (<_> .T.Y) (_^=^ 













:(i -Y)Jti. 

(j •■ aj jj£. ? UI ^vji^Jj 1 — = 100 — jl^ lit 1 3-LajL>tXI 2jlj^»JI ^vjj> Jii£. *.LJl! (j-aiJI si j^| jl>-j| 

c/Y sec . - . , 

v3 



.10" pa.sec i^jLcuj 2jlj^>J! 3^j.i 



T = jUX 



du 



r = l(T J xl00 = 0.1Pa 



n 







: JjVl J!j-l_1! 
.<L>.j)jJl!Ij a_lllu1!I 2'^!"^-. tl t ( ____jl!l *&_*_>_n i Z'c\\~£—* n ___tj__, 

:^Jlill J1>_JI 

U.zHl j (J-ajJI (j-a U. 1 Dill j a_*-><-I j__*___> C<-l)Ij_?-!I (j_o U. 1.ZIT1 _j /U-a JjvIj < . . »-^— ■ «j* a 4-c-*_v *.LJt 

*__&_>_!1j lLljJljcJl! sU ,„j-,tl a__3l___=_11 Jl_>-jI . 1.15kg/m 4J__.l_____ *!_$_& *I_jV1 _i- r*-^*-=>-" s^>i *L-U 6-° 
j 1500 j 2750 l-. t^tij^-jJ^ij^jij^tL) ? Ulj J-ajJij e-_ulj_>J! ^_£>Lii^ j_i~ ) . cL____,j_ii _^>--i 

.y !>H! ^ 997 

:l_J_-U Jlj-_all 
100 1/sec _£jL__u a__.j_l_J1 j!j->->I o--= 'M 4-t»_-»-U «j!j->J1 ^-j-i J-ic *LJl! <_>____!1 i\~&>-\ J^ji ( 1 ) 

.0.001 pa. sec (_£jLl__ ^ t^^ — t < 3jlj_>JI i>.j-s _u_- *U1 4->-j)j-!j 

Li----Jjol h, dl <L_>-J|jJj 0.85 A-i.Li.al! I <Llal_____ (JjLloJ A_pL«-Lii=xJI AJvjjJJI Jl>-J? (<— 1 ) 

2.87xlO" 3 Nsec/m 2 

A_»_____LaL_jJ_ll A__>.j)^J (_J jjl jt-sLlI j_ii La t ^ j-— ljjOI JLj, ) !l AJvjjjJJI ^^^Ire-La A I jLSe-L-u Lj 

40C° 2^ a^ jl__ S.OOxlO^Nsec/m 2 



: JjVl Jlj_u_!l t_jl^». 

r*i T - ""- j_& (jr Cj_L!l ^i **■ >JI . *l-SlxJI Zj__>.j (jjj J—* (jy^-3— "' L)jj— *' f T ^' '--^J A_J_____ _ 3 — & A___L_____!I 

-SL_£>.| <___(_ A_JVJ)jjL!l . *L11 A_2l___= __!J e_tl_t( A__il_____ A_u__j ___!_ A_j.lli.l1! I A_i)L_____JI . S_sl_ll (j_<3 a1j_VJ_JLi__=_!1 

.A__.J_L_Jljl J_>_ll (jyic (_)____!! 

- YY - 












t^lill Jlj-uJI cj'i^ 



P 



m 1 
V ~ v 



V 1 



: ( _ t cjJlJI *s_a=^»Jlj 



m = pxV 
m g = 2750x0.12 =330 kg 



m s =1500x0.15=225 kg 



m w =997x0.2 = 199.4 kg 



m a =1.15x0.53=0.61 kg 



: JjOj-JI ^I"^—j 



uUl iii^j 



uljjjias^j 



m to tai = V55kg 



t^jLxJ m tota i lA==il\ <J0i=xJI jjLa ^LilLj 



:S_ii^aJI 2'o,\'-,^-> II <_jLxlv Jj^— ij 4_lIc 



. _"W _ 755 _ 755 kq/ 



V, 



tota/ 



rr 













: jl 4_aJL=lJI iaLiii=xJI (— i^lLo jjfc ^yi^xJI ^yiijiJI aj*^»JI 



V, 



tofa/ 



fofa/ 



m 



total 



^- = 0.001325 m3 / 
755 AS 



:^Jl!l!l Jlj^J! c_j!^ 



r = ux — 



1 = 0.001x100 =0.1 Pa 



r 



A 
P 



f 2 ^ 



ysecj 



4_j==x_pLal_Li==x]l 4j>-J)JJl!I _ (t. 



p = 0.85x1000 = 850 



*9 



m 



// 2.87xlQ- 3 

y = — = = 3.3x10 

p 850 



<V>> 



^secy 



:£j|jJI Jlj-uJI ^l^ 

: jh* ^jiiai ^sm ol £^^> 40C° Sji^Ji ^jj ^j^j 5.00X10 -4 N sec/ m 2 

ojj-lji Benzene 



rt 




AjJlJJt i-uJI 4 .jjjjtjl 



JL! 



.^ifflp ll LUjiiJIg .^inl l pilnlll nnlnll niniiig gll 



jjl^l^jJJuUwUl 



L^jLl^jj^JI 



I 



V 




^ 



*& 



^^ 



^Ull'^'' 



|>4 U Uiji*» 3^' t^ 



LSLpLu.ijj.UAJ I l&j ^ ^ T 3juU$juJI j ^USolgj dull I ^UlaJVl 4xuu 



. 3-l^sljJjji Lfr] I ,_£j_JI (j_u '"'I ILui—j 

tAld-tiM 

: (JT ic Ij-iL- jj^~~ '" (JJjvjJI oJ_fc J q"^-." LoJ__ 

«L_uLj_ _jI Jlvjj (_£j^>JI J_JL— aJI ~~ (j—'L—ll JaJt-JaJlj J}— Lai I i LaJi — aJI ~~ JaJL— aJI l_ujju 

. ( (Jl __i i uL (j^JL- ) 4_i>-jL>JI i^^2}\ (j^l /tjLjil ' La » i ia 1 1 (j.— j-llCl! I 

. 4_jJjj JljJ I < La— II '-^ i La » - ia 1 1 2^l_jj 4_j_j__j a.$_ 

J_JL— aJ I (Jjjx^j _ 4_jJjjJ_i ( JI (j_j___il : ^jjJlaJI a I La III ^_ ,_£j_JI (J_u ( a <^<j 

. (_pl__jl jjjo J>j or <jj^J <_— JjjJ-iJi J____JI j.— j-l lC u I 

.^jJjjJlAjJI Aja-Ill ^_ i La j — — aJ I j ,_£j_JI (_}—-! J JaJL— aJ I <— i L— _»» <_— I— . (jjjLcJ (_}3- 

/■ \ - i^c ij\ J_»JI ojufc tjL— 3| 3 j '"*' (J-23 V (jl 

. _jL_L_ 

t 3JL--L4I J3Lj£JI 

. (Jl ^-— I i "I ' (j ajL— J)~. "' ^LiuiLuii J9-— 3 O^J^" L? 'J '^> '* (_j_>jL*JI A I J_— — — I . 1 
. J_Jt__a.il p'j-il (JAJ (jjj^__l! 4_t/a^_jJI il_L>JI j^j 4jiLaVI <_jj__' . Y 

t 3>IJ_*fl uULkww 

. (_j!j^(l BjUVjJI ^_ 4_J_uJ_JI ^LftJ^/lj <_Hj 1 J_WJ_JI JjiJ^JJ A I J_— *Lt-U I (j— — 'I 



Yo 












?3 * jl2 * 

'"'I si ga>l J'^ aJI I JLA 2_ LcA LaLcJ C3 _ali»oj 2 ;<j£—| ,„ 11 «_jljJtl I§_ fijJj-H ^j aJI 4-uj\j3 j_& sJsLl.1 jj^— • •> 
(«JLcj . *JiUI 4_2Q=jj f-LfljjIj i La-i <ia 11 ^JLc 4_<_uIjJl!Ij t _j_tLge*LIl j i a " *jj} 4-jvj)jJJI j_uLj ( _ 3 _aIL><j Ijuj i _ya2l\ 

pressure iaJu^Ji 



A 



iV 



\m 



Vm 2 



Pascaf(Pa) 



P = (pa) 

F = (JV) 

A=(m 2 ) 



(Jl ^— i i "I jJI isJlv^j i LaJi uaJI 
S^jSJLl AjJi^aaJI 2jjjJI 

2jJl]| jjjG <>L><jl (jyic AjJlJ^JtJI 4jvLl-U.U 



lpa = l(y 2 ) 
Xbar = 1 00000 (n/ 2 )= 100/cpa 



/- If daJt-Lg 



^a_ll (_i-i.u- 



m 

lkN L&jjJa ajjij^c 2j2j j 5rnrn ojHk (piston) ^-'^ <* 2U...\^^ jLc ,u;.x ^ 

.jUJI 

. jLiJI (jyic L&p_uG Jjjj-Li (j^l ij^JI I fciig J-H-^ (jr* - ^ (J ".'^"* l ' I « JlcLJ2 4jvLui^j i_j 



n 







H_JUY 



j— — & — tl 



ft 7 2 

4 



A 



1000 



^x50 2 xl0- 6 
4 



P = 509- 



KAT 



m 



P = 509KPa = 5.09bar 



4 *'_j 1—...1 




^.r Jiiuu C7 r t ^= J 3 j^.t, >.r j___, 



,_£jJi]l 0j_ii ■* I —a -*•* (jl 4_yaj.Lt.4j — Ujj (j—^L—JI )i_m (j^J (ft-txLV ^_JL c <sj_jJ,l ,_£j__! 4_jlj^J *.lj_w| (j I 

(___! _) L— _ j (j^~— -2-i _?! J-Lc jl J— _ ,1 ^_ ^gjl i ujj i Lai _ _ II (jl 77 1" f" ( 11I ,j__3_4-! 4_L_ < lj__*_5 (_£jL__5 £_>_l _;! ^_ 

(D) I L-altl j_l_ __i__JI _?jL<-uj (3.) 4___l!l Cy i_ lL____JI j! __3»Mj ^Lici .«jUI 2_ 4___j ____aVl ^jl_JLI 

.( Y . T ) J____JL U_= (d) <____! j__. __i__JI ^jL_u (C) U-altl t-lx. jiijll __i__JI _JL! j__=j 



YV 













(a) 



O- 



(c) 



(b) 



-O" 



(d) 



o- 



... ■_._.',. ........ ... -.. 



^l^ji ^sm ;g_ ,u;,M i ^ij-Ju (y -r) j ^,t, ti 

: Pressure Head 1aa«JI ( >U ) u«w 

.(JjLlxJI (^jH>iJ (_P-JI 4_Jb=JI <L>.LmJtl (jylc. (j^ijJj (JjLlxJI pLajjl j] i."i <ii ii (jyic J-aTtAj i Lai lis 11 





i 






; '1 


r 




> 

(p) j=u -| 


■^ - . ■■ ■ ; 

jh ■ / 


A^ 


^/ . ":"$'>?f3S; 


\b : " -j 




:;.''" '"'■':■■■ : .."■■":'■"■ ■ ■ ■--'"■ ■■" JvVV' J 



cki 



^aJl >. i <>i ii 



r.rji 



4JL,Vit«Mt Lii 1> ju,>9j(p) C7 A<>}Lc.i (Y . V) J^lAJI^-^D)?! J^b ^jll J5LJ! Xil! 



4-1 L=3 



A \y~ 2_ (m) c^UI 3 lH^3 t—ij-tis (J-t^sLv (jr jfc (r ) isjJiJI (j! ^j3j_jj (j^JLS (j-aj <j>> L-uJ, I ( jr lc 2^2i\ j-<3Lj j-4 
:4_l!Li!I 4_bL*lL 4_uij_l*j j! p^— qj (p) (Jy ^a-uLL-ujji LtJI . U; ,>»tl jf y I "Tim I ^j^— qj (g) 4_jjiL>JI 

P = px g X /] 
Ap = pxgx (Ah) 

h. jlsJI j| i."i <i i nil (jyic LaLc-s Jlajaj • La » - ^- 11 (jl da,j>*}lj 



YA 












LcUjjI 450cm j L^^c 250cm j Vj-L 300cm ^Luf jlj^ ^U... ^^ Sjisjll <Jl=JI s^ijl c-l^o>I 
.2jlcLUI 4- <^J cr^ '^ii^tl L^ut t-^a.^1 1000Kg/m . <n*«h^ ^Uj ojJLj ^u lil 









Wk 




:; :i 






• V '.<■■■. 










(y r )jmi( i r )J<^a 



F = f?ixg 

F =(pxV)xg 

F = px (Ax h)x g 



F = 1000-^-x 0.25m x 0.30m x 0.45m x 9.81-^- 

3 2 

m sec 



F =331JV 



F 331 „_ N 

p = — = = 4400 

A 0.30x0.25 m 2 



:3Jlc1_SJI (JT ic jjjJ.1 i La * • a 1 1 j^-ilj 



:4_J.sLjlII a I Jiir" ( ill ^j^— ■ o ' ,_£j^i 4_2jj_Lajj 



P = px g xh 



p = 1000 — x 9.81—^— x 0.45m 

3 2 

m sec 



P = 4400 — = 4.4 — — = 4.40Kpa 
m m 



.4jLL<-uJI 4_2jj_LaJI ,j_a 4-Se-U-iJI (jutflJ (jj-*J 



M 



LSLpLu.ijj.UAJ I l&j ^ ^ T 3juU$juJI j ^USolgj dull I ^UlaJVl 4xuu 




e__j__ l_j jrGk2i]| jru <U;>MI 4- (Jj^ 1 -^i' -j-^ 1 ^ 4- 200m j 300m jj^c <____. B jA jLik-. 

ka 

1023-y j_*_JI *L> £_li__= jl 
m 

(Jj—flJI .sL_»olj Uali J -— a J_Lc LLajt-JaJI <_!___». Jj^-— ■ i ' _____ '„ "' ' "JJ ' Jt ^ ' * ' ^ ' ' ^-5-iL«-<i a! jLa—x-uLj 

.i>j_i_rl__a {j\bjLjual\ (j\j Jjj-aJI ^L>oV ___= '„ "' ' "J?J ' Jt *' -_-t__s_l 4_Ol__<5 a I Jl__Th.u I jl -j-i l^ » . ^ 1 1 ^j-u 

A^Jilc i La » i ia 1 1 <___ 

P A = p x g x h A 



P A =1023x9.81x300 
P A =3.011xl0 6 Pa 



P B = pxgxh B 

P B =1023x9.81x200 

P B = 2.007 xlO 6 Pa 



Q 2 U ^ ; 1 1 j_Lc , La » ■ ia 



t^jyJb I -i^"— 1 ^j -1 **< La S ' 1 1 (j^ i La » -_J I _L. Jjj-aJI (_jL.ua- (j____s_ 

P A -P B =3.011xl0 6 - 2.007 xlO 6 = 1.004 x 10 6 Pa 

: i ___! L__! l___=3 isjuvlj aj La >• _L_ J___t_a_l (Jj- 3 <_jLi__v (j____4j 4_ul__l 4_Sjij___ILj 

Ap = P A -P B = pxgxAh 
P A -P B = 1023 x 9.81 x (300 - 200) = 1.004 x 10 6 Pa 

:(£.r)J-Lo 

:<> <d_L_u U J| (101.325kN/m 2 ) ^^>JI J_j___JI J^ 



3 



.lOOOkg/nr 4__il___= *Ls ^ <U;<^ _ 



!J-*£. 



• 



.13.0 4_u__i_Jl 4__5L___3 (3j-s) 0" -«aJLL-> Sa t* • 

:J_>JI 
:__L__*II 

i__j_c< (13.6) j-^jiJ 4 n ,,, it I ^a--=xJI t (1000kg/m 3 )*U1 ;_____=< (101.325kn/m 2 ) ^^>JI i_J___JI 

.( 9.81m/sec 2 ) ;__.__>_:! 













t^^nai 



• 1_£>>J1 .U;.MI ^sL^xj ^JJI (3A)"" ' ^ * ' X 43-*^- <l£>^' cLaJt-JaJI ^2L=lj i^JlJI *LU .U;,X _}j^c 



: LkaJt-LeaJ I Cca-i-u 4-!.sLjuj (j-a 



P = px g xh 



D 101.325x100000^2 

r / m 



l H,o 



Ph i0 ><9 1000^/ 



m' x9.81 



171/ 



sec 



h„„ = 10.33m 



l H-,o 



.10.33 m ojjua f.\X\ ^ lU » i a j>jac ^sL^xj (_£>>J1 ,U;,mi jjj 

j-^3 Ji-J-i (jl (J-jO JljV \-L& (jJ=xJj i (_£j-^>JI iLajLiga II ,*-bl ^~ l _' (_£ Jl!I J^ujJI ' La » i a Sj^e <— i Lma- ,j^~ i < ' JlLLl-J 

: Vj! J^j-ijJI 2*^1"^-^ <_jL«-gJv. (j-0 JljV 4Jf 
tj^Jjj-J' 4J2Ll=J <_jLlxLV Jj^—-- <a 1 £.11.1 <l2Ll^3J fi^Ull ^'^1"^— ■ £)-lJ 4 I (iiltl (JT Ji <_p-"j 3-U-mlll 2'^I"^-.1I 4_!_sLjL<a £yi 

Ph 9 =Ph 9 x13 - 6 



p„„ =1000x13.6^/3 



:^gjj>JI 1 La » ' '-^ 1 1 ,%£|j=ij i^J-II J^ujJI ' La » ' a ij -r* (_)Luia» ,j^"~ ' < ' iLajLJa.il Ciaui 4-!.sL*_<a (j-a 



101.325 x 100000 N/ 



m 



'Hg 



13.6x1000' 



y/(9.81"/ 2 ) 
/ m p /sec ; 



/j Hg = 0.76 m 



(2^0 10.33 m L«_Lu (_£>>JI ,U:.Ml ^L^xj <3jjj-!I ji^ac. ■ La » • h {y* 0.76 m jla ? UI ^a J2j? (JjjjJI <jVj 



.(_5^>JI .U;,Ml ^2L=lj *LU 



n 













.plj—aJI cLaJi us jl c-JL-uJl LLaJt-Ja llj J^LLa-l I i Lai LiaJlj (JjjLSJLI i La » i ^- 1 1 <L2j)j_*J,l i La » liaJ I <JljL-ulJLa (j-aj 

.<_3jijjl1,I (_£jj>JI i Lai LeaJI jl j-flj^aJI Lai (j^J <L2j)j_*_a 4_L*jvj-a (jyic L*j|.i i La » i ^- II (JjjL2j 
, LaJt >ia II ^_j (^LJ^I J^~ i "■ 11 j LaJl) j^-'' '' 4_LaiL j_& J3 LLaJLl i Lai >ia llj (JjjLSJLI i La » i ^- 1 1 (j\j c3j-^' J 

/_j& < a Laa II 4_LaiL> ^jj —~ ■" Jj ' * ' ^ -iS. 9—?^ ' * ' ^ ' ~" JlJlC jJuua II 4_LaiL Jj j -— ■" L<ia_>l < _j_ul SJLI 

(jlLaJLI ) ax^aJI 
, La » i ^- II (jail j* a j_& plj_aJI LLai La jl C-aJL-uJI i La » < '-^ 1 1 .4_2j)j_*J,l i La » i ^- II (jaijjLS-a J'^— ■ "■ 11 Tctisjj 
1_£j_j>JI LLaJt-Lia ILj (_3j_slj La LfJL lA i La » ■ '-^ lu ^i—tj ( _ ? j_ !l <— )Ln i u ->JI ,j "j 1 ' ^~ l ^- .^J-^>JI ila-Lcia II 0_><J 



L*jb i^mil *:*_& ^jiicixxLjj 101.3 kN/m j! 1.013 bar L*Sb 4IajS <U;>MI Ijla (Standard) C3 ^ U L2JI 

. 2 j-cTn-u-a 2 j ifl ■ aa ' ) JtlLa ^_L>JLI (<9->Jl J-aJt-Liajl (jV (Jl)LiL<-u->JI ^_ 



LiiJI ^jjjl Jajajjt 



1 



T 






T 



O" 



till 



t 






1; 



\ 



i 



jUqIIj^JI 



(o.r)JLiia 

y.LLa£ £— (jauajj <_j^jjI Ji^>-JJ ' ^ S-JLI I AJ*->iil ^- LLa-ajj 0.61m (3-*-*-^ * , '- <3 Cr^ 1 L^i-*-^ 3.66m 4-cLojjI (jlj^i* 
<>Jl-C.LJ2 (_,-1Lc. i La I i ■■ 11 (3-Hail ilaJLJa llj ^LLI 4_JLiia ^^-Ic i La I i - 11 ^-LLaJLl iLaJLia II c.t.iu-^J t ^j-LlII jlj_J»JI 

: ,Ua;U iali=3j lOOOkg/nr ? UI iali=3 Jl>- tjjIjiJI BjlcLs Cy k. (j^UUI daJLxiaJI jcvjf *j (jljJJI 

.101.3kN/m 2 : ^^>JI lai-JaJlj , 917kg/m 3 















^0 


1 




h2 




. .4 ■■■■*■ ■ 


p 'l * 



'•■"1 

"•-■ 



( o.r )jiiii( o.r )ji 



: J^JI 



JaJLtiaJla / 1 u> A « tl j)a_c£. 1 La » La IJLiI) iCo->Jl tlaJLtiajl f-OAJta qji £2 ' * ' ^ (ji (^ - ' ) J^~ ' '" (J-° T 5 -*-' 



P 2 = Po + P 2 g h 2 
P 2 = (101.3 X 1000 N/m 2 ) + (917 kg/m 3 ) . (9.8 m/sec 2 ).(3.05m) 

= 128737 N/m 2 . 

: ^jlj^JI 3JlcLJ3 J_Lcr \ JfrikaJt I 1 Lai tiaJI i_)Lmj>J 

Pi = P 2 + Pighi 
Pi = 128737iV/m 2 +(1000 kg/m 3 ).(9.81 m/sec 2 ). (0.61m) 

=134721.1 N/m 2 

ua alj (JIj_JkJI isJ-cLJajiic Jj-LLai.! 1 Lai tla II (^gjl i u J 4_JLa < ^jlj_J>JI 3j_cLJ3 J_Lc (JjjLSJLI LLaJLiia ? I i_ )l 1 11 >J 

:^jj>JI LLaJt-LgaJI 
Pi (gauge) = Pi " Po(atm) 

= 134721.1-101.3 x 1000 
= 33421.1N/m 2 
3.34 kN/m \j2l (jlj^>JI 2jLC.Ua jiic .U:,x ^Lia *-ii»j jl <lji C3 -L«-4 : i 



rr 













(Pressure Measurement) iaxuai\ juixk 

^*-— ' J_~"~ mJjJLJ«jl i La » ila I) *j ^— l3 (jyic J-aTiAj La fij^jv^l tiJLJD <j-aj i ' La » < b 1 1 (J^jLlSJ aJlJcIu-uj 2J^j>~I tiJLLii 



: iLaJI - Ja 11 (JjjLjS Bj^jvi ;J^*.' Cr^ ^**^ J ■ O-"'-^-^ 4 -^-*- c - ^r 



(The Barometer)^LwjjLJI 





^LajjLJI ( 1 . X ) J^i 

LLaJ-mja jj^~=xA^ji (p) (_£jj>JI JaJLiaJI ^jLa 7=_tislj j_ii I o' i: — ■ i 4jL^_lJI t-jjjLo (jy jvLvj <_j^j-ii i_>^*-^ J^J ' (J-**-"-" 
(jr JLc UjL-iLjja (JjLlxlJI Te-La ■ ■■ ^aTn-u-a ^jj^~ i j i ■■ 4_lIc cJlcLSJI J_Lc ^jjvjJLI (JjL-uJI •»■ La ■ •■ (jyicj t-Jj-u^l (J^Li* 
*.lj-JI ,j_a pj_2lj (jy jvL>.jJI <_ij_u2l (j^3 LAsJI AjL^JJI CjJl<ji lil Lai .<_ij_u2l ^-jLi^j (_L^Li (JjLlxJI •»■ La i ■■ |_£J-a 
(jr JLc I La 1 1 •■ a ^jj ^~*_' L^J-^?^' ' * ' ' a ' ' •— *2'-i ,J ^~ ' 1 J <— ij—u^l (_Li-l^ i La L •■ a • La » i a (j^l J^JJ 2f i^-l^o LaLaJ 
tiJl—Lji >"^" (jt Tlv <_jj_u 2I (_Li-l^ (_£jJL*JI oLsoV I ^_ (JjLlxJI *_a3j_j i_3j_<_u <_fJU jjj <_j^j-1 2I ?TjL». (J-iL-uJI •»■ La 1 ■■ 
.(_£j^>JI LLaJLiiall (^jLlxlII (^jTli.u.U I Jui J_lc ilaJLLa (jjl^J 4-^L=3 ^jlj^JI •»■ La 1 •■ (_gjTn.u.a Jj^S (J-iLi-uJI (j^s 4jd=j 

Lcj=j 4_!L>J1 Jl_& 4- .U; ,^ tl jLa tJSL-uJI 4_aLiL== <_,_& p j JjL-uJI j>j_»c pL^ajjl <_,_& h e^_JL== LsLa 



: a-fc LiL)L_u LiA-i-a a I 



P = p x gx h 



fi 



LSLpLu.ijj.UAJ I l&j ^ ^ T 3juU$juJI j ^USolgj dull I ^UlaJVl 4xuu 




. jILajjLiJL i— 2j-c La j-& 4JLLlxl!I 4_2jj_LaJL i La » < '-^ 1 1 (jjiLjJa j..4_u jL>JI 3JL^g (JT ji g ^tP" 

I juk ^jLco-j (^jJI pU! i^a£. f-Lijjl uLo.-v j^jlw 4-lIc 1.013 bar i_£jL-uj l^j-^' .U;.mi <jl Lu^p^! lit 

1.013 x 100000 = 1000x9.81 x h 

. 1.013x100000 ,r.^~ r 
h= = 10.326m 

1000x9.81 

c-UjjVI I jufc £ys J-lIL"lUj 4JLc..ajjj<L2]I ^Ij^SU I jl>. Ij^= jj^j 10.326m «LcU3jl *UI ^ Ijij^c <jl 
jLa 4_!L>J1 0Jl_& 4_j .*L11 (j-a fij-a 13.6 JJsM JhHJ-" <j^ ^-^j ?UI (>« Vju cjIj^jjjLJI 4_ (3AP' J-*-*-*-*-"^ 

: (jyJb I aJ=3 ;JJ^~" 'J ' " <Sy>^\ iLaJLLeall (J^jILajjLiJI pLajjVI 

1.013 x 100000 = 13600 x 9.81 x h 

r\nc ncr\ r\nc 1.013x100000 ., 

= 0.76m = 760 mm = 0.76 m .*. h = 

13600x9.81 
.(760 mm Hg) /\ J^JJI <>a 760mm i^jL^j <G? ^^ e£>>J1 <U;>MI yn^aj La LJLia «uicj 



ro 













:(The Manometers ) uljU^Ul 

(jr JLc (jy jvLjvj <_jj_ul £j£. BjLlC. jILajjLU j .(JLiljILaj-iLU a I Jiir" > ul j_& i La » - Ja 1 1 (J^jLlSJ Jjj-LaJI (J^j-ui ^j-a 

V (jl (jr Ji_aj^ d U » i X ( j_u|_jJ2 -Slj-ll *-sLU (j-o (J-Sj1 d)J^~ '-' j" "J »' lP"^ *— ^J-*d i_P'-'- u Cr--* 1 L^J-^*^ *-) J*^~ ' "' 

3 U '"lj' JaJt-Lga II (J^jLlSJ I i-uL-ui i Lai iia II J>j_a-*_> i La » i ^- II 4_J3^Lc J-^— ■ "< " .<_jj_u 2I ^ Le Jj^vjJU t^jJ-jJI 

. L^AJii (jyic- (— 3j-*jJI (Jjl^e-Li-u 4 J.3_tTn.u.l I (JLiljILajjULl £yi plj-if 2JlC <_dl_Liij .j^Laj-iLU 

; Ja_> 1 uoji jILa^jLl! 
(_ij_ul 2— i^j^lmj (JjL-u £j£. 2jLlC J-&J iLa m-JI j^LajjLLL i_2j_su La J-&J jILajjLa ( V . V ) J*^~ ' uul (Iry 
J| 1 La » lia II c^-u-uJ *-2J_b i_£JJI (3-ujJL=3 ^ j*" ^LjLui jILajjLlI (_£jjj>o. U i_3jjv J"^— ■ "■ (jy lc j^Laj-iLftj J < -*•"' a 

.(V -V) J~^~ 1 i^lIi J 7=_tis_aJLl jreJjl (jyic 1 Lai lia II jl jJLa 4_La (_lxxl><j (j-\-*-° pLojjl 

.C J_Lc 1 La » - ia 1 1 jjJ^L-uj JB J_Lc 1 Lai ilaJLa 

.11 J^j-ijJI 'ji'* clai-La I JljIj (_£jj>JI 1 Lai iJaJI (_£jLlxij O J_lc i La » < '-^ 1 1 ,j.=xJj 

.<_j^jj2I (Ji-I-S (_£j_<-uj (_£J-!I (JjLlxJI i^aijLo jji U Jt_Lc 1 La » - ^> 1 1 J 

P B = Pc =Po+p Hg gh 





<=^- 






1 i 




A 


D "■- i 




~' — ; 


. 3 






c ■; 

o — c 




B ■■'■ 




t- 


.0- '■:■■:-.- .-":■"■■ 

- 



■Uj.M.ti^La^m ( v.r ) ji 



n 













Differential Manometer ^UUI ji^UI 

.(h) (JjL-oJI f-Lajjl <JVJlj -j^U^tl ( j^_ 1 ,U» , Ml Jjj^ t_x.mj>a .^jLjjJI jILa^JLU *ljl3JJ (A . V )J^~ ' '" ^ ^ * A 

.G J_Lc i Lai tiaJI (_£jL_uj Djiic i La » i ia ? I j 
<_ij_u2l (Jj1_<ji J>j_c£. iLai lis ^'j n jH^sj-iLtl (Jj1_<ji v j -T* iLaijLo ' J^s'j *2' * '^^ L$J'- tx y D J-lc i Lai lia ?l a 

z 

.(Z + n) (-j^jj^I (JjL-u ^jt* i La » < a I JljIj rj i-Lai liaJ I (_£jLlxij G J_Lc dai i ia II j 



Pi+(h+Z)p A g =P 2 +p B gh+p Ag Z 



Pi+ P 2 = p B hg +p A gZ - p A gZ - p A gh 



£U 




^LUI ^l^UI ( A . X ) J^=u 

Pi - P 2 = (p B " pA)gh 



4_2li=3 ji'/»t lilJij A *_jLII Jij-a-e. iLai lis JLq-&l J^-m' 1 * < jLc. <_ij_uVl 2_ iSj- UJ ^ iS^ J-SUI <jL== li| 

r^LlJLs aJLLlxJI 4JjL»JLI 4_>Ll== (j^x-<w ^Lbj. B j^La^JLU ^-jL^ 4-JjL2-« A *_jL1I 
Pi-P 2 =p B xgx h 



rv 













Inclined Manometer: JjUIjXo^UI 

i La » i ia II ^_ Jjj|j_2 1j-Sj 4_j| il 3 ^j°i i 2 jj i a J i LjjI tla II L-^3 (J^jLSj (_^L1I <Jl! VL>JI ^_ (JjU.1 j^Laj-iLU aJlJcIL-uj 

JjUI pUjjVI (_,_& X d*o»- X Sin0 _j 4_Lc <_>i=5*j h j^ajJUl JjL-u f-U3jl <jj-2 5JUJI ojui 2_J -'^ ih^*-^ 3 

Pi- P 2 = pg X SinG 




*m 



JSUIji^UK VT )ji 



(_£i < (JjjLSJLI i La i ' '-^ I I jJt tiUju >j I a 2 1 I i LaJi us llj . _T 2jLc i La » lia II ( _ y ^-mJ 4_i=j_jJjjJlxJI jjsljjjl ^_ 

.(_£j^>JI i La » - ia 1 1 ^£, i La-i ilajl pLajjl 
i ^ Sjjjj •»■ La i •■ II I J_<fc (jr^ 1 ^ -\9^J > 'J^ > ' (J^^-" - ^' OJ3 4 — ^^P- 1 lP' — '- u Lr*"'^ lA*-* 5 r*" La ■ ■< J_Lc daJLiaJI LiTu-b 
4_jjiL>JI 4_Jbt£.j p (JjI ifi II 4_2LiL==j •»■ La ■■• \\ < jr lcJ h JjL-uJI ±j or f-Lfljjl ,j_a J-== (jr-lLc- P ' ^ « tiaJI Uii 

•g **~>Vl 
: <Lj3^M 4-I.sIjlI.I (Jjj . Lt2j-c I o-^—-- . (_lxxlj>o 4_jjisj^l 4_u jL>JI isjja (j^i *uvl_iJI i La » i a 1 1 



P = h.p.g 



Th 














^jUJI *Lc$ll Ji 



V, 1 ' Tj ' 'F 3 ' 

i_a}llL>J ,jj3 jtuijJL f-LajjVI ^jLlxlj *_a i La » - a 1 1 i_£jL-a3 ( ^ * « Y ) <Ji 



J^~~ i "■ lb I o^— i JoLSjJI aJ-& (Jj-2 (JjL-uJI f-Lajjl ^jLi-u-Tu Lj L-uJLa ^jj "•""',' ^^J^? I I2_ 4 ^ I" Ae-1 1 JoLSJjl Jiic 

.( wr ) 

p 1 =p 2 =p 3 

4j*_tisji > l 4_lcj^M JlcIjS 4jvLlxlo iIjjL-uj lilj .^.LcjJI 3JlcLJ3 (jyic iSjJ2 (jr =»_j3LL<-u jj JlaJ I i La i • ia ? I (jJ->o iL-p» 
aj^UoTlo (j_^=u CjMjJI 4_i£.jVl o jufc JlcIjJ2 ^^JLc ejjjll ^jJsJI ^La ( Ai = A2 = A3 (jt (_$? ) (J^nAJI 2_ 

. ( F 1 = F2 = F3 ) I tiaj| 



4jvl_txi_a (jr JLcj c •»■ La ■ •■ II ( jr J-C 4_j.Sj^jl]I 2j_SJI 4_l==ij_« jl JlJLj (_ 3 -l-C. «Qaj^ L-iJ2jj3 (JjLlxlJI ^_ _T 1 La » 1 a LiTu-b 



J^aJI 



A 



M 














4_jjvjL^ 2jja ,j^i tcjLjJI lLx« tiaJI ( \ ) _ T ) Ji 



(jj^au •*■ La i uz\ (J=i (jj-l-C. j-Jj-ll ' Lai tlaJI (j! (_£? .(_iJljj><JI 4_2L== (jyic j! J-SJll ^j u-a-bj < LuT JajLiiaJ I I jui j-Jjj 
(jl <_i-3e-i3 < LjJLwil (»Ji-C. 4_!Ln. I2_ Lai .4_t_i,ijj^l 4_jjiL>JI 2j-J2 j_<3L3 (Jl_a_iil dUi ^-*- -^ 1 JajTLiTujj . LjL.uTLa 

,U» ,^tl ^jJlIc l,lhl>o (_£ jJI •> La i uJI (j^l (JjLvoJI •> La i •■ pLajjl j3l jLiTlcVI I§_ jii*LJ 
, La » - h II ^LllLj < 4_i_[Jjj^?I 4_uiL>JI 3j-J2 (j_c *&jvI_<JI iLaJLIa II ^JLa-Al ^j ^— i i ' ^-i^ljJjjJlj-JI jJsIjJlJI I2_j 
, La j » ' ia I S-u-u-lIu ■* »j-SJl A I o ^ a ;jj ^— ." , U j » , ^ 1 1 ^>j_ii jj 2 lj_ Laj 1 7g-La_i ■■ *l (j_c (J-iL-uJI f-Lojjl (j_c ajvI_L!I 
1 ojl J <La ^jj^--_' 1U III «LcLa3jl J.LII ^j-a Jij^c. (j^l ajvLjJI 1 La » 1 a 1 1 (jLa 1 (JLHI (J-u-i-u (jyicj .(J-ti-iuTiJI 



fM-^^hf-^- u'j-^ 1 J ^ "' UJ- 



i2jL&L>oVI J=3 4. ^utjj < JjLxJI 4_ .U;,Ml ^jL-ul! 1j_LaJ 

. <JLsl Jl*J,I (J-lLiTuj 2— 4_o*jL». (^5^ (j-C- 4j-iIuI_L!I 1 La j » - ia 1 1 ,j-a a \l A" , ..Vl aj ^— .3 ( | . ) Y . T ) J^~ ' "' Tc-tiajJ 




$2~ Al~ Fj 












L^uJjjJu^I ^^l JLS^I ( I . > Y . V ) Ji 



■* .t^suJjji Lt-Jl 2j_SJI (JLSIul CjV.iL*-a 77UUJ ( 11I * j Laj 1 ■■ ' ( 






I 





1 

1 

-0 












A 2 


Ai 






lit, 






rl 


1 


i^ 




IMl 



p= - 



P1 = p 2 



F 2 = P 2 A 2 



^t^^JJ 'V 1 (_g3-2JI (jj;^" ) Jl <£Jl '"'^ si «* ( <_i _ ) Y - Y ) Ji 



F 2 3>2 (jj^. J^ua^JI (^bJL 



A 

.( 4jl2j u>j (_£Jl!I (Jj^jsJI jl JiILa (_£jLjiJ ) 

F 2 = P. A, 



A 


_ F 2 


F 2 


_A 



: <LLaj 



F, A 



i \ 













■ 4jvL.u-Uj (Jjj^sJI (jyic [cJaJLl I oJui (_p-a ^_ daJL>iaj| J_clisu . 4jy Li.u.1 I *-a Lj-Sj-La i_.cl.uLuj i>j__JI _)j ^jl^j 

Cr >.j__>J1 J_«_»J1 c? _lc (-..-UTlU 4_oj>UI 4_<ij2JI Jl J-t^a-j <__--- f L__3j'_M 4. ?Jl_u .U;.^ tl jf <__LtJ> ^-^jj 

4_oj^L!l <_AJ_i]l Jl 2jjjJI £___» it-i i a *_2j <A] ■> La i uJlj T j 3j__ll (3Jj--> <j-C t j)^~* a I l_4 «LJLa I j -^-. &j 

j_<__ <__l -^>"^VI 4__*i_j_j jua1j_L!1 ) (JU-kJI I Ju_ *_2j <j____<u 4JL_ < (A2 %_____! I Jtlc ) F2 J-*-*-^ (jyic. t_JL<rJLI 

. ( jL-icVI _L 2 ijiwLo 
: «LJI pylL-L-u- _fj_Wl 4_vLj £yj 
I qgyW-HLfl *ua \ai n,~~ i,C U__f_U (^tx__l___Ul <_vlj| L-ci-uLuJ 

Si _ A 

Si xWi= Fi 

S 2 xW 2 = F 2 



tr 












iltt-iuijii&iijui 




ckJL^Ji jls^i Ijl^o or .r ) ji 



•^jj^— ■_' Jualj_aJI (JLa-iil J_Lcj . A 2 •»■ La 1 uJI Jiic _T 2 LLaJLia L-xj-mj L«-d (j ul - '^~ ' 11 p'ji cSd^ 3 (J - * 1 



Fi= F 2 = F 
Pi -A^Fj 

P 2 . A 2 = F 2 

P : .Aj =P 2 -A 2 

P 2 A 

CjL>-Lli,lU ft-A Lj ' ■'*—-"' L-LLaUIi 1 LajJt uaJl (jl 






4j^L«JLl (j-o •»■ '^-»" 



*r 













: 4ku«aJI IjSjI^JjAI I 'ijjJLU ^Lu VI JJ$£l1 I 




AJaj-moJI ^j^— J^JJ LtJI fiJjjJI Jar ^j^— '°i ( \ i . Y ) Ji 



i ^j-i/LijrzjJ! » La 2 a 4a>Lm^a __Ll « 0-2j1 jJJt> 4 a i u-S » a . 4_Li<_a « aJL ^j ul ■"— — i II is J_jjva 4 se lia a ^j ul ■*-—■ jJLc >-^3- > 

.(JjLjiJI (jT ic jJjJLI i La » ' ^- 1 1 /j-J-y 
/_3j! ^ a-tSJI /Jl (Jj-saj /yTc^ JaAjiajl x_ii3o c 3aJjjl is-SLj) i*-* 5 • JfiJLuaJI JljV- 1 L) "' '*•**" " l?-"1 *>*3-*>' cajjjl c^LjJj 
Vj c LbLj I tiajl i La » ' ia ? I (JJa < LjjLj (jt jvjL>JI (J^jsJI (JIa lil .4jl2jj (jy jvjL>JI (J^jsJI (jyic UxiiUJI (j-a 4_l=xxj 
,Jj_»j (jp-II 4_aj|_2il ^ylc (-.l-UTlU 4_aj^UI 4_s_jJi]| ^J\ » cujj> cj^\ jJI 2_ ilaJLiiaJI <jl_2 I jL=uij .pLaJjVI -ijL*J 
^ a-LflJI Jl BjjJlJI ila-i lo f-3j ^jJ=l^j1 I jl (JjiJ>JI <jJb^j>o (^LjJL ^j^~ < a 'J .4_a_jii]l oJui ^Juuj Vj < 4_=3j^>JI 

2^l_jj_i 4_j? I j_& ^.iu^ 2MjU , „SM J | 4_jt2j |<u (_£JJI (JjL-uJI (jj^J-J (J^*-« (jylc (J^-=»<-JI 4j=jjv 4-c.j_<_u JLaHjtj 
(J JJiil (JjL-uJI (J^JlJ Jj^«-a -il-ij-J < ( \ i - V ) J-^ ifu II 4- Ocjisjll < Si&iia U <j^L_l=3 <Jj)j— > ^-J— <-" 

.(J^^jkJI *_2j <Lcj_<-u ^LlJL .si -5j3j < SJljIa i -<^ 1 

:^_ ^llLa ja_=xrcjJI ^_ 4_lC.jJI Jl tiJJi stjvjjj 3 Laj i uoJI BjjjJI ^Jui j_i_l=lj (*-^'- a 2^Lc i <-tLaJLl I 2Ljj>JI ^_j 

. Jul^la-^Vl <^=J^ ^>L^I 
. SJljJa i uVl ^Lcj-uu 



ii 













^ ~- ' ^ i ' 4_i«JljJI 4_% ,%. II jjl ji_(| v; 



4_l1 1-4 ==! .4_^sLiw -" — -■ ■ 



2j_^jvl t_tj ==)\jj i_d_!i (*-*-£9 






j;U r U -7^ 



Lffc^^ 



^M 




,Liit/ 



a-^lJjjJu^I 3j^I jJl! ^U_,U^" ^,j ( \ o . V ) J^xui 



. ( <Uljia I ■■ >l 4-Cj_<-U 2— p^'*"!! ) (jj-lLS- AU.L3 • 

. (^jJjjJlAjJI <jajiaJL»ll i LaJt >iaj| jl JiILa ^_ p^~" latlHl ) JaJt-LeaJ I Juv aLa-t^a • 

4_ JjLxJI (jLj>^ j-4-"l....lj . (^^SLJjjJUyJI tlJjjJLl jl ) 2MjU,„S?l J J ( C^jJI ) JjLxJI *-2JJj rfU <><sj 

.til! jj 4-ajLS-a 4j>.Ijj <J ULLa .U^.tl 
i La * < a *_ajj_j tiiJjJ .(JjLjiJI (juj-ijiJ 4_ajLiL<5 daiJI 4jL$J ^- B^jjvjJLI <LJljia i ■■ *l 4-=jj^>o (_£ Jl!I (Jj^jsJI (JlLaj J 

2MjU , „VI tiJj^ein^ t ^LajLUI oJl* ^yic (_>-1<TlU 4_<aj}UI 4_a_JL!l ^J\ J uaj ^l^v. (JjL-oJI 



£0 












. fijJsljJI ?.\jj>-~\ aJoLSJL Ua-mxll ajjjijJI (j_a V Jlj Jj^SjJI a Jljcj-i-uJ J 
7r_*,jj aTLt.ua .2 >jl JuL! /- l"wl">-»-**ii) /«_<ji \JI j«_<jiI vj^aLLiLJl (JjIlajj ja^J >Jl a I J-a-"i i ul J_Lc «3l_Lll 2j_il Jul /J-C ,3 10 
*_a 4_jJjjJuwJI 3 ^iJmVI CjLJj.=3_a i^jj-Oja £- LgjLa-e 2j_=x2j I /j aj| IAj <_fJL!jL=ij Ouj ^— i -: 1 1 4 oJ-JJeJJ jj^ajJI 

.4_j3l_aajja 4_jj=xjjajJ_jji ( " ) I a ifl La 2 a j isILa 
Jj j < ^. A 1 1 ^_ ^j.ujjj , n l_l 2 qJlS o^— a Cj1_J^=jJLI 0j_& jj_ajJ {^yzj-iu oa Ha ^ A"^— . > 2 JljvjJI ^J_& ^-jLg-J ^_j 

. _ 4111 *Li (jl _ 4_a_}L2J1 



JU^xJj^JuyJI ajjIjJI AljLJelu-uV Ol Luialll Juxf J!Uj ( M . V ) J^xAJI 



Vent 



Operator handle 




Cylinder 



<U* 



ijJjjJ-j^II 2jjI jJI AljieTLmV L3 JLtJa3 JLla ( M . X ) Ji 



n 













. •»■ La i uJI JoLflJ <LaL=3 Cr^ 1 " cLaJuiaJI I jufc 4-a-jJ3 dlj^"" 1 "' < 4_> 4 La-pJl I 
• u' £ ~~'~^3J^^^ O " .' ^~ l ^ ^ *-'j^^ i U mm a r«-<-"J (j^y ( W . V ) J^-i mi 




C7 ^j iJ j 4r ii LH1 ^ L ii( w.r)ji 



O-^J- 



JL! 



<->> 



J_y gj LaJ3 (j u _■ ^— i a I j L>> I Jlj iiJj sejj A 2j_u-J=i 4JljIa ml (j— a ^ ^— i J tjj J .yJ I 
L-jjlj i 4-3cjl23 «u JJ Ijj iJLlj3 11 4jljJa i ■■ 21 J - a jjj . Q £j_La^ (j ■■ • £ —~ i a I j I a> I J J ijJj— re_u JJ 3j-l<_i^j 4JljJa i ulj 
(J^ijj=l^5 tiJj_»Ljj^ . ( _ 3 J=LjJjjJaji ( -^3 *-^'- c - OJ-^^j l£ ^"' (JjoL*J' (JjLi-aJLi L^jJlcLlxl^j A ,_£p_L=xJI 4Jljia i ■■ *»l 

. D,d ^j-i A'^-i ^j (jyJLiiJI p-_5_Ll1 ,j-a f'j^ 3jLg.Li.u-a-i JJ m£j i-LgaJI 4Jljla i "^ 
. f] daJLtia II ,j_a 4_^>oLJ r \ 2j-J2 Qj-uLuaJI (j ■■ ; "—■■ 1 1 ( jr lc j3j" i u a t C,) 2j-J2 plj jjl 4jL$J (jyic I LkaJ-i-u I jjj 

: ( _ 3 _ii (jyJl-J-JI fj-^' L>° p'j 1 -^' U_^^ Uxjji3». cjiJI tfjui 4-a-J^J 



. pljJJI AjL^J (_y.lt! 4 S j La 1 1 2ji!l Q ki*J». 
: ( jr L I -i^"" 1 -T I Bj^JI j-uLj (_^c ?lj1_(JI r \ j •• ual\ ^j - • i: — < 1 1 i La » ' a (_£jL-ujj 
- £V - 












K K 4 x F, 

p L — ' — i 

1 _ A _ 



A 



-d 2 

V4 , 



TTXd' 



Pl = P 2 = P 






.. t.. ^xxD 2 4xF.xixD 2 ^aD 2 
F 2 =PA = ^i— — = — 1 — = Q 



4xjxd' 



b d' 



■J La-Lll '2. i-dl ^—"^Vl ,_^jl -i_J^>5 l>kaj « 4_a_Ji]l ojui (j^l Jj«»JI ^yic 4-La2.l <iaJI 2_a2JI J23 j-aVI *Jalj I§_a 
tjjl (_£? < 4JLL.J1 aJjIjlLI 4_ (jaij^xil S*Li^3 J-aU-a JLioL jLlcVI £_ I JUk J^jJJ 



F 2 = £xQx 



bd 1 



5.sLc ^jLlxlj^ (jr ^j_jJjjJi : i ( JI (j ••>£—* 1 1 i>s.Li=3 J-aLs-o Jji 9 



0.85>^>0.80 



ih 
















v 1 


1 


OR 








V| 

1 


, OR , 




i 


iaaaaaaJ — 


VVVVVVM — 


, OR 


i AAA AAA 


YWVVVl 


i i 


Jwwv\ =^j= 


, OR , 


WMW- 



Single-acting cylinder, push type 
(return force unspecified) 



Single-acting cylinder, pull type 
(return force unspecified) 



Single-acting cylinder 
(spring return) 



Single-acting cylinder 
(spring extend) 



3. 



OR 



JT 



ZZL 



OR 



3_ 



*5tt 



W^F 



Double-acting cylinder 



Double-acting, double 
rod end cylinder 



Double-acting cylinder, 

cushioned one direction 

(fixed) 

Double-acting cylinder, 

cushioned both directions 

(fixed) 

Double-acting cylinder, 

cushioned both directions 

(adjustable) 



(JjLaJI 4jvj^j_aj . 2 -Sj-a-« 4_jjLa^jj j 4^=LjJjjJaji '"'I Jljla i ul jj^oj ( ^ A . V ) J^ 




Compressor 



Pneumatic pressure 
source (simplified) 




Oscillating motor 



Air motor (single 
direction) 



Air motor (reversible) 



ijjLa^jJJI iJaLLaJI (Jj^>o Sj^jvf jj-«j ( W - V ) Ji 



M 













-o- 



Filter 



Water trap [manual drain) 



Water trap (automatic drain) 



Lubricator 






Fitter with water trap 

Imanual drain) 



Filter with water trap 
(automatic drain) 



> Muffler 



yvm &<.•- 



Jan LigaJJ ?I_J^I ^Jfl" Bj^vl jj-^J ( Y * - Y ) J'^— i i~i 



3r, 



Pressure regulating 



^ 



Pressure sequencing 



r" 



^ 



Pressure relief with 
external vent 



Row control with 

reverse check 



<Lc.j_<_a]l ^_ r*i*^~ LStlLl 4_l»jvj^L!I 4_SjL>JI '"'I al »-Li3Jlj i La » >iaJ I Ju*. <— )LaLq.ia jj-aj ( Y ^ . Y ) J^"" i 










^LuU^uJIj ^USyJj^JULftJ I i4aj"5fl 



L__I j 



J 



Filter-regulator-lubrlcator (composite) 




Fi Its r- regu I ato r- 1 u b ricator (simplified) 



FHL 



On/ofT 



Power 
valve 

£ 



Fitter 



<^ 



Return 
check 



Muffler 



Y* }(. 



Flow 

control 

valve 



^41 L 



il^JI JiIJlc.1 ej^rjjj a! 



Single-acting cylinder Clamp 
oLaLq-ia (jyic (_£j!l><j 2 Laj i uJ 4_pLa^jj 3jjI J ( YY . Y ) ^i 



I 



m 



ml 



irt 



WW 



m 



t\ 1 1 j 1 1 It 



4-WAY VALVE, 4-PORTED, 
2-POSITION 

4-WAY VALVE, 5-PORTED, 
2-POSITION 

4-WAY VALVE, 5-PORTED, 
2-POSITION 
(PLUMBED AS 8-WAY) 

4-WAY VALVE, 4-PORTED, 

3-P0SITI0N (ALL PORTS 
BLOCKED IN NEUTRAL) 

4-WAY VALVE, 5-PORTED, 
3-POSITION (CYLINDER 
PORTS OPEN TO EXHAUST 
IN NEUTRAL) 



4_jjLa^jJJIj 4_t=xjJjj JlaJ I 4_t$_jjvjjJI '"'I al i uaj] jj-aj ( Yl _Y ) (Ji 



o) 













^4 



Push button, palm buttom 



Lever 



Pedal, treadle 



Cam stem 



Roller cam 



<r 



-E 



One-way roller cam 



Pilot 



< 



Bleed 



I^U 1 Differential pilot 



Et 



Solenoid (direct acting) 



EZE 



Solenoid pilot 



<-i^-L>. jUJ I '"'I a\ -i LjaJI <— i^L<-iTu.a jj-oj ( VO . V ) J^-— ■ 



or 













.(jjjLSil i La » < ia 1 1 j ' i La » i b 1 1 (— 3j-c ( I ) 
3j2J ApUl Cr ^oJjjjL T i ( JI *JjLU Ja » i a <j_^xj fS-=, 7.5cm L&jial ^^lJ JjJu-A SMjU,„f (<_,) 

.jjj_ai v : .ust i ^ 6000N 

<L^=LjJjjJuji 4 a j La ' 1 CjjJj ^(jyla /.J ITl 4-cLa3jl <j|j^>- 2JlcLJ2 (jyic *JaljJI i LaJi LgaJI jjk La (->•) 

S 1 Mpa lSjL-j £l>»JI ~ u - t^c laJL^I jL^ lit 1206 kg/m 3 <Gi3li^ 
. 95 kpa ?j_2j (j^jjjLJI ) ^>>Jl <U;*MI ^LLa <j? jrp* 4-150 kpa <U;,MI ^LLa ?j_2j (j> ) 

5 jjlLall .U:,mi jlvj? 

. 999kg/m 3 *UI ^li^= j^ .101.325 kpa ojjl ^ , U; ,M ^L^=JLI *UI j^ ^U3jl c^oJ 



.10 3 kg/m 3 4Ji^li=3 ^L«j 750 kg/m 3 4J^li^ Lia^ M^L^ ^>b»o i^^ 1 .Ui.MI jjifa Jl ^jilo <jljs. 
^jJ (jiLail ,U;.^tlj (j^LSil .U;,Ml jl jlLo (_,_,.a_-U < *LU Jjji 2m .UA;tl Jj^wij 3m *LU (j^c (jl-^j I JLa 

. lbar i_£jL<-uJ JuLJI i_£>>J1 ilai-tiaJI J? Uic . jlj^JI 2 JlcLs 



:.;*;. .-.".■V"'^ 




M 






1 












2m 




• ii ■ 


, ■ ■ • , 


( 






'3m 




;:; »U 


.:: 


la 






.'■'■ w .■ -:. ■ 



t^lJLjJl Jl |_(_aJl ^c-l^JJ (J 



£=lA 



or 

















5-cm diameter 



Check vaJve 



«_ll >J! (Jl |_txUl Tc-iis o-> (Jj 



(!) 

.<LaL_ui.l (jyic S^SJI jjk i La » i a 1 1 • 
.(_£j^>JI i La » LgaJI + (JjjLSJLI LiaJLLgaJI (_£jL_uj t jlLaJ,l i La » - ^- 1 1 • 

: tLa-Lm-tl (jyic 2j-2jl «LJLj i La » - '-^ 1 1 lJijjjlj ,j-a 



A 



:(_£jLlxij 2MjU , „SM » La 2 a 4jvLlxlo q\ 



71 „, ^ 



A = ^xr 2 =-D 2 =-x(0.075) 2 = 0.004418m : 
4 4 ' 



.-. P 



6000 
0.004418 



135808Pa « 1358KPa 



oi 












(^) 




( ^ ) jjVl JIj-lJI j-^jj Ji 



jjJI v j q-C iLaJLtis Ij^-jlj <j|j— >JI Ttia ■ ■■ ( jr -ic f-JaljJI iLaJLIa II (^gjLiu-j ^jlj^JI 3Jl^iLJ3 ( jr J-C *JaljJI JaJLia II 

P = P f op+^=P f op+(PXSXh) , 

P = 1000000 + (1206 x 9.81 x 7.5) = 1088704Pa = 1088.7KPa 

CO 

j^j^JI i La » ' a 1 1 + (JjjLSJLI JaJLiiajl i_£jL-uj Jj I La LI i La » i a 11 

P Vbs =P g +P atra =150 + 95 = 245iCPa 



t^lill Jlj-uJI ^^ 



P = px g xh 

101.325 = 999x 9.81 xh 



.-. h 



101.325x10" 
999x9.81 



10.34m 



(13600 kg/m 3 ^a jJjJI ^lii^= <jt ^ ) J^jJL *UI JIjuU JUL* 2_ 



00 



LSLpLu.ijj.UAJ I l&j ^ ^ T 2LuU$lLtl ^ ^USyJjj dull I AtliJ Sf I ixuw 




P = pxgxh 

101.325xl0 3 = 13600 x 9.81 xh 
h = 0.76 m = 76 cm 

: e JlcLcJI J_Lc ^j-uLflJJ i La » ■ b 1 1 

p = p + p 

-'■gage ^Oif T ^W 

P gage = (2 x 750) + (3 x 1000) = 4500Pa = 4.5/cPa 

p =p + p 

t gage atm 

P 9 age = ^00P Q = 4.5kPd 

P am = ibar = lOOOOOPa = lOOkPa 
:.P t = 4.5 + 100 = 104.5/cPa 

l_, 2 U ^ ; 1 1 (Jj-jv .*j)J_*JI Jlj>-Lj (i£j «-lj3-1I 4-Jlj.La ■■<Vl ( jr JLc ■* Q-Lka-I, I 2j_SJI ) J" 1 1 2j_SJI jl J-JLa .sl_j>ot Jj £ —- ' i ' 

(0.33m)(100 N) - (0.03m) Fi = 

0.33mxlO<W 

0.03m 



on 













P 1 = P 2 =P = F,/A,=F 2 /A 2 
F^P^llOON 



Pi = 1100/A, 



noo = noo =(u2xl0 *jv 



^ ,2 



A ^ d 

4 



m 



Pi=P 2 



F 2 = P : A 2 



F, = 6 22 x 10 6 -^r x — x (0.05m) 2 = 12.22/dV 



m 



2 4 



OV 




AjJlJJt i-uJI 4 £>J-*-!l 



JLI 



.c^ifflg ll (iijiiJIg .^inl l pilnlll nnlnll niniiig gll 



jjl^l^jJJuUwUl 




^^^^JD^V 








£ 




^' 



»*» 



^^ 



j.Uliuu*. 



i>4 u uiji*» 3^' e*"* 







: (jy ic lj-iLJ2 ;jj^~ '"' BJlJvjJI ojui J -i^— •" Lsjiic 
(— iLi.i±jv _ (jUj-m-ll pj_i ( jr J-C 2jjJ_U (J-oIjjlJI <L2j_*_<aj (— ijJa-JaJl I j (jt 2jL£jJI : ^jLjj-ijiJI plj-il ' ^ »*aj 
JljJj>iJ - (jLjv 1 ii II p a_ 1 ■ Le ^c ^SLSeJJ (^jjjLcILjI ^j-^ * > (_)->■ — f j-iJlu-u-II > 1 1 ul ai.1 ^_ \J_J9_0j (*-^J 

. ilaJLLgaJ I j x-tijJI (J ^L2LL3 <_jL-a». _ LgjL.ua- ■* J^J^~ >J (—1 L-u-La f-»H 4-^3j^>JI AJaLLs (*^2 
J^v - (^jJj-j f Jl_uo ) 1 Lai LJa j^ 1 3 bLaJI jj g »^l »i! j-ZLm-U c_ )L-<-u-J^U ^JaLLaJI 2 1 \l » a ^-l",r, , „l 

. Jj^JuJI (JjUL^J <_jLul». (jyic 4-Lfl-txLaIlj| (jJjLcIlJI (J^3 .SJlC 

/ A * (j^i 2jl Jlj>JI ojui <jL2jl a-j-<-uj (J^j V (j I 

. diLcLui i 

. I j"< 1 "lj ij 4_=ij_>JI <ULv ^_ ajjlji.1 (j"*-iljJL Si** 3 ,^' '>^}- :>, -^ <JC-aI ^ij ■ ^ 

t 3jl-LaJluLUlxw 

=J^»JI JUL*. 



OA 



AsuljJIi'JLs-jJI 










.*JiljJ.I oJJk 4~=ijj>. {^c 4^>oLi!l 4-!L*-iill ,_£jJi]lj i=3j^ejil «_jljJLl ,j-uljJ2 4_luIjJij 1^— i-i/al b Sj^j, LuJI j<u^3 
^j ^— i i ' (^LjJLjj J-^'J Ct^ ua T^*-*' (3^^ O^ L^J - ^ LiJ-Lc (j^=uftJ £ (jiaJLxll LfriiaJU *_a *-jLl,l ( fjl ^— '**'""- 1 £>£, 



. ^LLU *-jL1,I ' fl-Lgaj (_jJ-3l (j^'j-^' aI JlJt" i ill 



Types of Fluid Flow gSljJluLLu3l£ljil 

CjIjLjl!L=i jLiTuTu^Ij (j^Lu-uil 4_JbL2JI .sljJ.1 icjj^jjta ( _ 3 _ii *_jlji.lj *JiljJ.I X~=3jj>~ «LJLj <—i Lt-iaj 1 ^ I i_3jju 

liLa < 4^vj)JJl!Ij ' il\ ^— ■**■■%. VI I j jj . .. 4_ajLLo Jl (_)13j_»jj 4_JLa <Jjj_<-uLa (J^L». *JiLa i_ iLu-u-il j_L*.£ .(JjIj^^JIj 

JaJa /_ 1c 4_jjl alLa i Lag Laa» ^_ ^g !> i u ) i_aa_<_u «_il_I,l (jl_£ Ltia_iarc_La 2 jajjilJLl J^li- xjLJLi <Lc \_<_u i La i uaj a (jl *■— ■ > 
4_u.i.u_iJ I Lg-t_> I j_u i La aj >_ij 2 -i Laj '' a ajjj^aj tiJj^cjj *_jU.I (PartlClSS) CjLa-ixxlv (jLa iJLsJI tf JlA I2_j cjjjjiIJLI 
i— iLluj-JI j! (^^Ljk <— llxm-Jl 4_JU *JiUI i_ )Lu.u-Jl (_3j_su 4_JL>JI tf j_4 2_ I £i^=3jj>- ^.L_LjI *_LaL2J.I <_i_JCJt<s <_ 3 -!Lc. 

4_Li^a 4_^ J I ^U ,„y,n icj^l 2j)Lj 5JU. 2_j <(f - ^ - i) J^=> - ( Laminar Flow ) Lr aJa j? ^^l^j 

L-)Lu-u-j| (jr «_txLj 4_!L>JI oJ-ii ^_ .4_^alj_S CjIjLjj LiTu-lLi-uj 4_<uisjla j_i_c Z j j i a j l£Jj~scjILcu *_jL1,I (J-tL^xuo- ^jLS 

.(cj . > . i) J^nn. (Turbulent Flow) «-jjU.mi c-jL^vi 3 \ ^IjjJI c-jL^vl ^ui 










jjU.mi uLj-coJi (uj.oji 




^LajJI oW^ 1 ( T . > . i ) Ji 



M 



AsuljJIi'JLs-jJI 










t Fluids in Motion $3l^l2Sx 

j_£l J— Ic 4-Cj ( ii Wj ' La » ila II 4_!Lv (jl-2 t 4_jjl^Ha i La j La a. ^_ ijJj— re-i3 (JjI i u tl Cj\ oj hi **■ ^ji (jialjUaLj 



uljiii izl 4_cj i-u ^jj £ —~ ■" LaJ_Lcj 4_jjljlii,l ^ i iiiIjJLI ^_ Jljv^j <JLsVL^>JI ^J_4 .4 <bl Laj a ,jj^~ u ■■< * LaJLa 

J^lAJI j-LaJl < Steady Uniform Flow jS-,,,.* ^Laiia c-jL^uI ^ a , »j 1_1L.Li.aJ VI ^ p^ill I jl_ s.^a^.^ 

*_UI DUiuiA 4._.^ 



_.j__. jL_ (Convergent) l^v jf ^jLsia sj^.-La ^jsuji t_!___i lil l»T.(T-Y . i) 

» La-La (_£] J_L_ <L_j__JIj 1 Lai _a II 4_!L>. ;jL_ 4_jl_j (<_j _Y . 1) J-^-. ~.tl jj_j|) (jL^—iJI oL>_l 2_ JtJJ- i_3^_u 
£j__ ^_ i_)Lu.u_)VI <jL_) (j-\_*J,l ■» La £ 1 1 J_L_ 4_uL> ^jj~~ '**' i ■■ <L_j_!.u_ I j iLaJL—a II £)I UL_j ^j____j J^jI Lajj <J 

.(Steady Non-Uniform Flow) j____aj ptv-,;^^ (_>U,„' t l Lr a-mj 2JL>JI 




w— __a vlC 9 > ***' * " a £j L>>-— > ( < i - Y - 1 ) <_>: 




*U__Laa \ all i " a £j u>— u ( I - Y . 1 ) (Jj 



4_j^j.a-tJI ajvLi-u-U » La Sj ^ J_JI *_LU *_3_>. <jL_. < (Y . i ) J_=__JI 4_ L_ 



Rate of Flow <jb>_J!J_*« 



ejo-i-uLa ^_ x_La < |L__J LaJ__ 



.C^) ^^yAJe-^JI (jLjj__iJI (Jj__a-S 4_L_ j_l*j 4_LL<.a 4_j_aj 3 Juvj ^_ ^jLjj___I 0_>_l (jyic 



■ 



.,., ..,,-.. •••-:■■:; r ; "~ " ... 




■» La 2 1 1 4_wL__a 2— <L_j__jl i_£jL_u (jt ajs_><JI ^jLj-txJI (Jjm-a ( Y . 1 ) J^— ■ "■ 



AsuljJIi'JLs-jJI 









V 



x=Aq 



(juj-j-oJI (Jjm_a c-a 



* 
III /SGC (j^ (jr AJstj>J I (jLj_<jiJI (Jjn-a <Jlil Jlvjj 



r* 



^J! x ^Li^JI = ai-^,1 



m = V x p 



m 



px Q 



J 
C7 _cj*lj>JI jLij-^Jl JjLJia (_,-..,.l-^I . 0.6 m/sec L&jjiJa l^j^^ 15mm Uji^ Sj^La 4- *LU <-il ..<m 



V 



: (Jr AJe->JI (jLjj_<jiJI (JjL*_a 4_J.iL*-a A I Jiir" ( ii L 

x = A Q 



Q = £ (0.015) 2 X0.6 = 106.02X10" 6 m 3 /sec 



',, ' '^~ l II (jl_ji_i-ujl JJl*^3 aI J-a-"i i iiua 



m = p x Q 



m = 1000 x (106.02xl0" 6 ) = 0.106 kg/sec 



, \\ 



AsuljJIi'JLs-jJI 









Continuity Equation (2u>I>«ImVI) jIj*Iw¥I2UjL*« 

m = p! x Ai x vi = p 2 x A 2 xv 2 

j^U j! Continuity Equation ( JLuajVI < ^jjtj^i^Vt) jtj^L-uVI 5Jj>L«-o <-ajjy La <_,_* i2jl_caJI 4_bl_*11 

. Law of Conservation of Mass ~a\~^\\ ,Uz~>. 

Pi = P2 = P 



: <jlis ^LULj 



Ai x Vi = A 2 x v 2 



Qi=Q 2 



(1 . i ) J-^ ^ ti 2_ U^> (Converging Pipe) L^V ij^t 2_ ^j-^ IaU,^>U JjIIj^ jjU 

(jLj-mJI JJljus (jL^= Ijsl i 0.15m rj-Jtit J— Lc Oj ^J 0.46m JiwjJLI Jl_Lc *j taJ3 e£jJib »-JaJLa ob 

.r-jJ>JI J_Lc 4-Cj_lxlJIj (Ji- jJ.1 J-LC 4_C.j_i.aJI Ua». I £ 0.3m ( _ T A5tJ>JI 




!. v, 



jmi ( i . £ ) ji 



nt 






: J— »JI 
V : x = Ai Q 



: (JT JLl!L=3 L^jLtxLV £^==u«_s A} (J^i-jJI » LaiLa J_Lc <jvLjJLI 



L>== J J 



A 1 =^d 1 2 =^(0.46 2 )=166.19xl0" 3 m 2 

4 4 

.".Vi = = 1.8 m/sec 

1.66019xl(T 3 



.4_2jj_LaJI (jauajj 7^j)j^>JI K-LaJLa Jiic 4_Cj_i_oJI <— i Lma- ,j^~ i < ' 



v 2 = -5. = _^V = 16.98 = 17m/sec 

A f(o.i5 2 ) 



A : x V! = A 2 x v 2 
_ A 1 xv l _fxd 1 2 xv 1 



v 2 



A fxd 



4 ' N "2 



^x0.46 2 xl.8 



• v, = A : v— = 16.93"/ 

•• v 2 |x0.15 2 / sec 



nr 



AsuljJIi'JLs-jJI 










J^l* 5cm ^i jJi ojJ^s ^U?u ^jJb c-sj-^f 4. 998 kg / m3 4j^lii== ^jJlj j>jLJI *UI ^j^j 

(JJljl^j <jL==i lil-2 J. 75Cm I 0(jia J-=i J taJS (j-ijj^ta (J! Pj - ^ °J3^i L$^' 7.JCH1 0j_LaJ2 J-^f H- 1 .^^ 



(_,.^J < ( o . i ) j^lAJI 4. u== 0.15 m /sec jjVi <j^Vi Ji-j^ j^ *m o^ 



d>" 



■tPlaJI "J^Vl (jjX-j^ 2_j JjVl iJj^iVl 2_ CT J0==xJ1 jL^I J**** 

.(jyjiui (j>^ii ct^-j^ 4-j Ji^' l5>*^' 4- icj-<-<Jt uinvi o 




JIHI (i.i)Ji 






m x = pxAiXVi 



m l = pxQ 



m, = 998 



V.l(o.015 m / ) 
/m J\ /sec/ 



i k 0, 



.-. m , =14.970' , 
1 /sec 



1i 












: (JT ji ^JLlxlaI! jlj-cIL-uV I <U.sL*^5 (jj=Jj 



mi = 2 x m, 



.'. ms =^xmi 



m 3 =1x14.97 = 7.485 



*S, 



sec 



. Aj 4jvLi.u.U (_i-i.u--><j 

A =1 f x d 2 = f x (0.05) 2 = 0.001963m 2 

Qj = A x n 



V 7 , 



A 



0.015 m / 
v = /sec =76m/ 

0.001963m 2 



sec 



^LiiJI (_£j^>JU (Jr Cj^ Jjvl I§_ 4_C.j_i.aJI (— 1 LmJ»J J 

A3 <La-LmJj (-.i-i-u. 



/T T 2 ^T 



A = -x J 3 = -x(0.0375) 2 = 0.001 104m z 



O 0.0075 m / , 

^! = /sec_ = 6 . 76 m/ 

- 2 /sec 



A, 0.001 104m z 



10 













: Energy of a Liquid in Motion d>*Hi JjLJI 4iLL> 

LL& 4J2LL3 4_Jl^3 aI jieTi-ml (jl i«GSLLs JlIs <Lojj <J}L>. La Li }L«-c J-«ju ^JJI J-aLJI <jLxlJ}LJ JLL 

"the capacity to do JiAJI jL>oV BjjL^il L^jL ajsLLJI i-3jju Lsjiir. ^Lj-mJI L&Ljl* *_a UUj JjI tajj 

. work" 

iJaLLJIj 3 .tjL^t^aJI ^JaLLJIj ijjlj.^JI 4J2LLJI cdLiii J Lilt J^u-u crLta < 4J2LLI! Jl^> til 2 jlc llSLla j 

«j^^3 JJLI iJaLLJI Jl^— ijf J^-. ,U; .Ml iaLLaj i=3j^JI iJaLLoj «_JsjJI iJaLLj Ajj_iill iJaLLJIj 4_jjLj^=xJI 

. jLLii (_Li-*-! aJlJcTu-uJ i_3j-<-u L^JLa C-cmLllI j-L3e-uilll <Jllj^e-<-u La Iil LjJl 2— dJ^rnTuJ 

:^jLa (JjljjjJI ^jLj_<ji 5JLv ^_ j 

. «_Js^JI iaLLs 

. .U;.MI iJaLLs (Y 
. i=3j^JI iJaLL (V 



Potential Energy : jw$Ju'iLi> 

Datum (j\sla AIjujS Ja -^ <3_c Z L^cLijjV a-^oJ m JjUoJI ^ 4_jo=j Lj^3±Uj ^Jl ajsLLJI ^jt, 

:tJ\zl\ 5-bLdL j_J=yi aSUo <>ij^ul1JI .j^-v .( 1 - i ) J^=lAJI 4_ Ui= Line 



Potential Energy = j_j=y I iiLL = mxgxz 



f 1 m } 

kg x — - x m 

V " sec ) 



Jj=J *_iijj]l 4J2LL0 Lsf t "J "Ijl .^".-^1 jl Joule " J>>Jl" (jr& X-u2^i\ AJaLa CjI Jljvj <jLa 4_!L»JI oJui 4_j 

:a_l!Li!I aJ^LlIL (_, La «" LjJLa (JjL-JI <j^j jlvIj aIj^>* j^^~ > 



11 



AsuljJIi'JLs-jJI 










m 



— — > 
z 



-►",;■ 



jU*J hL datum line 



JjL-JI (> m <iL=J j_*i=yi ^U= ( "l . i ) Ji 



Potential Energy per Unit Mass = g x z 



'.P 



*0 



v"-yy 



Pressure Energy ia;uaJuili> 

(JjLjiJI I Jui tiJL^rejJ (JJi-iIu tiJl_Lii (jLa (J\jla < Lai lis Cj-^<jj (j-*-*-* 3 <_ij_ul ^_ LjjL<-u (JjLtxJI (jj^=u LaJ_Lc 
BjjjJll 3j_2JI ^jLa r » La-Si, I tiJUj J_Lc iLaJLiIaJ I j A <_j^jj 2I (j-o (j^-*- 4 ,* LaiLa 4jvLlxl« Cu-)L=i I jl -j^-z * La 2 a ^j_a 

LdJi J}U* c^-c^^JI jLj^^JI Jjuw o^ 3 'M -J5UJI LfiJj jL^h-. oUJI 2_ (AxP)^ JSL^JI iilft ^ 

Q = Axk 

i^bJl^a JjL-oJI ^k. J^ajlU (work) JiAJI <_il .,.->. 
Work = Force x Distance 

Work = pxAxv 



work = px Ax — 
A 



work = pxQ 



nv 



AsuljJIi'JLs-jJI 









m = pxQ 
work done per unit mass= -^— - - — ( J > 

pxQ 



p\/ k 9 



J 



i c a I jjv jJ_l== / (Jjj>JI (jr ii JlvIjJI aIjJn- jlj^-llt (JjuTuJI CjI Jlvj (ji ^gi 






(j^JLSJL i_lxxl>o juvljJI aIj^v jJu=xi! ( <U» ,Ml (JjLii ) <U» .Ml i^LLs ^jLa ^LlILj 



Pressure Energy = ,u;,mi ssils 



P 



Kinetic Energy : ASytiUaLL 

(JjLuiJI (j-a 3 1"^-. tl &j_& d\^ ' ^ L&jJi-^ 4_<uislla ic.j_ui_i HI LijjJa (JjLlxlJI (j_o 4JlL==i C !j-<ji lit 

.( V2 xmxv ) L&jjil (5_i=3j^JI i^LLaJL <-a>*3 ) lfi~=>j^i ■*- s ^ i ^aLl= <-d±Uj 
Kinetic Energ = V2X m x v 



Kinetic Energy Per Unit Mass = \xv : 



c j^ 



^ 



v^yy 



1A 






J' 

Total Energy Per Kg = g x z + — + \ x v 2 

:_> i-iijju j (height or head) ^kJI j? cx^Jb <-a>su L» 
. (Potential Head) ^yi ^Jui jl e^, 
. (Pressure Head) ,u;,mi ^k. jT c^ 
. (Velocity Head) ^j-^ji y^. j! c^ 

P v 2 
Total head Per kg = z H 1 

P x g 2g 
: Ct JLlSL=3 Lj-lc j-llCJI (j^x-qj aJLLxJI aJjUJLI <jLa cj! jlv^JL 



_ , . , _ , N m 3 sec 2 m 2 sec 

Total head Per kg = irn x — x 1 x 

m kg m sec m 



2 



ibl& 



Total Head Per kg = m + m + m = m 



w 



AsuljJIi'JLs-jJI 










Bernoulli Equation ^J^jj&jU* 

4_JaLLaJI) *_iiajJI 4JaLLaj 4_=3j^>JI 4JaLLaj i Lai tiaJI 4JaLLa f-j-*jJta (jl i^^M cA' 1 (J" 3 -*-* Cr^J-^ ^d>^ u! 
I Jl t jl i ii II tiUi cli - * 3 Cr-^ 1 ,* l£^ ^ ' f LjjLj (J-Laj (j"*-*-* 3 J'- txLa ^- iSj^-^i ^° f-J>- a (J-* 3 f^}-" 1 ?' l£^ ■ J^^""" 1 '' 

:^jla j-^l (jylt-^ jl jl , „t I -<1 t'\ ^Jj^ 4^j jJI Jj a £al La i_)l i ■■"^^1 jf JlS^ l£JLIA ^"""'J (ft-1 

* La-La {C,\ Sic OjLj ^jLjij *_tiajJI 4Jal_La + 4j=j^>JI 4JaLLa + i La i i a 1 1 4JaLLa 



: 4_j32 I Ajt-LLgaJlJ (j-GLaJL) Jilc Lg-S-t-i Laj JlIc (_yj J-ij-J 4_!.sL*-a Lb^ ,J^~ ' < ' 
p 2 p 2 



.4_jjLj (J-La3 4_jJL=sJ1 4_JaLLaJI (j_=xJj » La-Si, I i_3}lli*Lj <_i_JCJ>u ^j? ^j "—■ i <a ) 4_JaLLaJI J-& f'j-JI LJ^ C~' "*"'^ u! 







A ' 






J 


k 


1 




h 










-V:\ J 


E_ . 


_.l-o- 


< 


Pi 



Ct J ^jj Aji^LaJ ( 3jjt-i" ( V . 1 ) Ji 



(jlj^>JI ,j_a 4_j_uLs. 4_s^l2 j_i_c (_gj i ii j (JjLjji ?=_iiajj (_£ j_!lj ( V . 1 ) J^~ I ■"■ 11 ^- ?=_iiaj-ll (jlj sell L_Jj_La_! jJ 
. C-jojA JaLSjJI £j-lj g-Qj-J-La3 {j'-— ■ i 1 (jyJj-ijJ 4jj_La_i . Jl (J-iL-aJI •»■ La ■ ■■ (j^l 3 -»■**' aJI Jlsuj V LiijJu2 4_Cj_i_uj 

.C Jl^i 4, 1^1 1 i^LLaJI =B Jl^i 4, 1^1 1 i^LLaJI =Aik 4" ti^aJ I A^LLaJI 



J< 



Pa , V f 



Pb , v 



Pc , V c 



+ -^+gZ A =^ + ^ + gZ B =^ + ^+gZ, 



P 2 



P 2 



P 2 







(j-GI—ii Jl_Lc ti-lj-ATb Vj Cj-jLj *JiLtl (j 2 I La J I j a La ^jLtxiJi JS Jl_lc <Le.j-i.uJ I j LjjjJjj j a La ^gjLi-u-j A Jt_Lc 

O + + gz, = ^L + + = + ^f- + 

p 2 

JaJLtia 4JaUa I a}*-—* AJaLkaJI D 1 La a '» II J_Lcj ^aj 4JaUa I ^^~^ AJaUaJI A SJaJilll Jiicj «LJI /T-TlZli-iiJ jj>- I (jT i*_4J 
: ^LlIL—s ^jjjj 4_!.sL*l 4_aL*JI 2jj-LaJI <jLa 4-lIc . i==j^v ILaUa I $1^=3 i^LLaJI C Ja2lll Jj£.j 

p 2 p 2 

JjjA -j-i " La-2-IJl (j-t-J 2 S j a a 1 1 4J3l Lall LJJJ ^ La »" V 4JLLlxlJI I gj j j 1 a j ^jjjj <U_sL*_« (jl LLA jj= JJL j_j Ju>JI 

.J5LJI ^=j^ oL>^1 2_ 
t^Ll!! ^rtiJI ^yic -j*".U.;;;tl ^j^-i iJaLLaJI '£.. jtiiJI jLlcVI 2_ Jl^LI] ^jJjj ^J^U^j JjJl*3 ^"'—•-ij 



^ + ^+gZ A = ^ + ^+gZ B + energy loss between A and B 

p 2 p 2 



: JLJU 
1.52 m/sec L&jjJa i-cj-uj ,U,,.y,^ ,j;j^=jj_a i ^j^" lLaj»J jL>JI *UI ^-LijV <jUe-^ 4- ^jLJ' *^' J^^ 
( j_a Lr i£.I (j^LxJI fUl t^jj^Ji jl ^-« lil . 9.14 m/sec LfcjjJa icj-<-u Ja_^_$i*j <l_Lo ( j^L^JI *Li1 ^>^jj 
jj* .2.339kPa jsjLJI *UI Jai_La jL= li! ^L-oJI P UI da-^a jl*j1 . 15.2m ^UjjL jsjLJI *U1 <j$^Jt 

5. 993 kg/m 3 ^UJI *UI a-sIS^j 998 kg/m 3 ^jLJI P UI iilS^, 



t^jUe-cxJI j I (Jj^jJ.1 (j^s *.Lil r'Jlj^J (J,^**^ <j^ Crl^J^ 4-^L*- a (3. '* 



V^ 







A+^'U^ 



A 2 A 2 

2.339x1000 1.52 2 „ „, „ R 9.14 2 _ , r „ 

+ + 9.81x0 = ^ + + 9.81x15.2 

998 2 983 2 

2.344 + 1.155 + = -^- + 41.77 + 149.112 
983 

P 2 = 983(2.344 + 1.155 - 41.77 - 149.1 12) = -184.2KPa 

:'kc.j-uA\ JaJuJsj (jr ==ij3LLjiVI i LaJI (iaJlj (jy i==jJI i LaJI (ia.il 
JaJi (is I J-jlj (jr ==x : j3LL-<-uVI JaJt-Ja II pj_qj^a j_& 4_iLj tiJj-^cILa jtJI a (_£2 ( _ 3 _L==xJI i La » us II i_3j_slj 

.<LCj_<ji]I 

h t = h v +h s 

, U » , %. II i_^j_iu^ . 4£.j_mJ| JaJi (is j_& ll v j (jr ==j_pLL<-uVI JaJL(ia IljJh ll s j (jr JL==xJI i La » < '-^ II j_& lit '-^P* 
4_J2LLaj 3 =3 ^ -- ? I *.1_<jI *JiUI i-La-i us j_& <Le.j-mJl i La » i ^j ;jj^"~ ' ' " 'I Jl-Lc *JiLtl cLaJi us 4_JU : ( _ t ==ljjLj_i_u^?I 
^^—•j"!" i ■<>! i La » - ia II 4JaLLa x_a 4-Cj_co]l JaJLiis 4JaLLa f-^AJXja (JT ji *jL*11 4_j1==xJI tLaJLuaJI 
l_£jL?taj t_<_uu^U (j Lj-mJ I (Jj_*^3 (— iL(.u-^>j *-jLU 4-Cj_<-u (jjjLjJa ^_ 4-Cj_caJI i La » < ts «j *-— <* CuojLJelLml 

: <LjJLlll <U.sIjlLI (jjo »jULI <Lcj_<_u <_iL(.o>. ,jj=_<ij£ ^Lc.j-uA\ < La » ■ a <j-"Lj^ I ;»u* , „l ( j| .^.I^JI 

"■+ 

V 2 ^ 



V : 



(m/sec) jjUI icj-^ ^ v 
(m) icj-txJI i La » i ^ jjk h v 



vr 







i La >• ^_ ^^— i jjLj i - » I JaJLJa Ilj ( _ 3 _L=xJI i LaJt Lea II (jjiLjJa ^a-i lil . £.UL Jlj^JJ 4_Li=jLa ^_ i a "^-— i a ^J-^ f^£ 

S.(_jj^V! 4- *U! A-C.J-" ^jl- cr 1 ^ 1 cr^ 21.6mj 22m U^Ji jcvjj < ^^a^U *Ltl <_j^i? 

:J_>J! 

. 4-Cj_lxl!I JaJt-tis '^'j (jj- ! = L pLl J - u '^' ' daJijiaJI (_£jLjij (jy L=xJI i La » iiaj| 

h v = h t - h s 
h v = 22-21.6 = 0.4m 

.-. v = V2^7 = V2 x 9.81 x 0.4 = 2.8 ^ 
<_,_& Lai 13600kg/nr ^L^ J^ujJI 4-aLS^j 1.2kg/nr ^jL^ ^I^JI r^i-,^ c^L=j lit .j-uj 20mm 

: 4j^L«II (j-a 4-C.j.iaJI JaJLtis uuixi JLHI I JUk 4_ 

gh Hg pP v = 
= 13600 x 9.81 x 0.02 = 2668.32 N/m 2 

P., v 2 



Pa 

= 2x 

Pa 



v 2 =2xA 



266.32 „/ 

v= 2x = 66.7™/ 

V 1 2 /sec 



vr 







( _ 3 _LiL2 (J-L^-lTuJJ J I 4_LJJ^>J 4_<_ulj_S (_£ 2 1 J ( ilL-uI j-lTiAJ i (J Uj-mJ I (J J-a-A ^QjLj *_jU,l 4-Cj_<_u (jjjLjS (J I 

^_ L^Iuii_al_L<5 O-d (_jJ-3l (^^LjJLI ^_Lc 4— u-j-a 4.e.j_ 1 .uJ I ^J^loI 3j_$jv 2I (j-a ^ Jl^i tiJl_(ji .*_!iljJ,l (jLjj_ijij (jlCLa 
£j_<i (J-ii-<5 (J-L^-iTu-j ^SL-ui (SS-g-aJ 4_jjLa^ : il!lj ^ j^=ljJjJi Lt^j I 4 ^ U >VI ^*. Al a^JLI jj^j .4_uJjL1I 4_JLjJl2JI cA scJlu^1\ 

Pitot Tube o>Lu c_>>^ 

. 1 ) (_>!= "i-!l •(j^-J- a J-* I n^"' 4_s-ilJ2 4^'j ^-^W^ J^"" 1 "■"' (jyJvLvj <_j^jjI (j^a Cj^ILjj <_j^jjI lJjJGj 

: 4_jJLl!l 4_J_sL*J.I (jyic J i aa --'' (Y) j ) -j->"U^U ( j\_> ^^jjj 4_J_sL*_a (j-tjialb 

— + ^- + gz, = — + — + gz, 

p 2 l p 2 2 



p 2 p 



vl V 2 -V x 



P 



K.=.2x^ 



P 



I JljIj (jr ^j_jjLL<-uVI pj_aj3ta jl (j \*-— < II i La » i ^- 1 1 ^jL-u-j j_4 r 2 ,_,^~'„ "' ■ ■< »l i La » i '-^ II j-& Pj ^tP" 

.4^1 \_uul iLaJLtis 

- V£ - 



AsuljJIi'JLs-jJI 






j*yafti)l 







^ t& u 1 ^ V-.oj ^ 



jjLi^jJl oLijl 




/:* 'i 



ljjLLjjVI iIjjILu <_jj_ul ( A . 1 ) (Ji 



: Venturi -Meter ji^^AiAll 






-> 1 




jIUjjj -iS iIAJI ( \ . i ) Ji 



2 j j i -^ J *_-iUI i— iLu-u-iV dlJjij I Jljv ( J.li_iJj ' ill £ —- ■"i'n. V I 4_stjjj JaJLiaJI ^_ J A Atl ^jT j" ^ >jj ,*:,; Atl tlj|j_j_4_d ( j_a 

I , ^» a < ^ -^ A\Ssr~[ i ii Z I x_il_ii L^JJ ■ -■ * A II jl /j^- .n .^LjvjjiJI (JJjl^s ^j - LlS 1 LjJLlLa Ml j^-- (jT)1 ■ ■< » A 1 1 * ." » tj .4_jj>0)JiJ 

, U ♦ , >> 1 1 Jj |i£ ^jjjLiLi Zj uLuaJI uluu^I i La a La -- 1 I . a a i a >■ (j_cHjl cLaj&L) 4_il )_lC ij i - '^~ i II ^.soJl CjI j> *_)' a.g.U 

I n g Lu C i-llo jILojj La 4 La i ul^aj ;_£ j j-iiiiAj I Jj-Lc ^- (V) 3 LaJilllj (_£j j-iiu_LAj I (JA^jLo ^_ ( ^ ) * La alii (j-u 

- Vo - 












A 2 p 2 2 



— + — = — + gz 2 



A 2 A 



v^-v'^-P, 



P 



: {j*~< La-SJJl <j-U jlj-dli-uV I 4-!.sL*^s (j^j 



A 



: 4_jJLl!l 4_I_lL«JLl ^ La «" ( Y) *_LaJil,l J_Lc 4-C.j_i.uJI (jl ^-Li-LLi-ul Jj^-— ■ ^ ' ^jjj-i 4_!_iL*_<a JL. (_)iaj^JLi!Lj 



2(P, " P 



2) 



A 



v A j 



.(jyijlJ! <_-ic (V ) j ( ^ ) ilaiiJI Jtlc » La-SXI 4_vl_uoxi <_,_& A2J A, i-U-p* 
(J^Liu (j_L«^JUI if.\j^s) 1 La » 1 ia II _L_ Jjj-aJI (jL-= lil .^gjj-iTu-La jl ^ ,J}1_>. Zj O «GjIj_v ^-J-^ *-\-° iSj-^ 

J}L_^ *L_L1 oL>j-uj Jjuuj l-^-o^I 2.5cm (Y) sUs;ti jj£.j 7.5cm O) <k2iJI ■>»<- jla-UI *U1 ^ 42.1cm 

S.i2jSjJI 4_jli!L fijj^uUI 

( Y ) 2U^;I | jjLc *. Li I ^Lcj-uu (_<,.i.u-->«j 



VI 



AsuljJIi'JLs-jJI 










2xAP 



2gxAh 



Mi--) l(i-4r) 



Af 



A, 



A^ 



.-. v, 



2x9.81x0.421 



^0.025 2V 



v 0.075' j 



8.08 
0.988 



V8TT8 =2.86 



m/ 



sec 



:(jLjJ_<JlJI (JjlA-fl <_jL-cLS. ^J^~ I 1 ' j|j tl" ( ll^l 4_J.iL*-a A I Jlir" ( llL 



;r 



Q = A 2 x v 2 = -x (0.025) 2 x 2.86 = 0.0014 



m 



0.0014 



m 



sec 



1.4-*=84-* 



sec 



0.001 



m 
lit 



sec 



mm 



: Orifice Meter (jiuu^jjVl) ljt^l\ o-L^- 4 

^j^i 3j_$jvl pljIL^I <j J_&2 4_lIc t <_aJb=L^j 4_c=lJj (^LILa jl-£»- J-& l£JJ iStlaJI (J^jLlS^j (jl Ltia JlSJ 

2 i j ^" a 2 -~ • A , ^ ^_a 4,_A5j1II ^j ■'' ' ^ " (_ajLIu .4_jj|_C * ■- I -i -~ ■ i (jLj> l 'I H JjLJUa jjLLfiij ^" -i I -—■ A j ; ■" Q 4 U i , ,, ' 

I j**'*^l a- ;jj — '"' ^-J- 3 *^ ' . ' S-U I 4_4^2 ■» '» . ^> 3j . ( ^ * . 1 ) J^~ ' "■ 'I ^- 7=— tislj j-* I o^— ' *_-iUI i^gjscjs (jlapju 

.^jLj-i-uJI (JjuL^sj <LCj_<-uJI (JjjLlSJ jj^l^jj^ 4_J.iL*-a i^j^-\ 2j_a Jjj LaJj j" aj 'I 1 1 Ua-i-ul^J 



2(P,-P 2 ) 



Px 



A y 



VV 



AsuljJIi'JLs-jJI 











Sharp ed9e > 
.- ' - . '.. .Orifice rplofft'ij: 



4_&j_aJI ^LiLa ( \ - . £ ) J^— ■ 



: Jl — j 
2jj_^UI j ta£ i)\-== lit 0.3m/sec <£j-^ ( ) ♦ - i) J^xAJI 4- g-^>U j^-^jjVl jU*. 4- *UI ^j-^ 

. C v = 0.82 icj-txJI (jlji2^ 



^2 = C v 



2xAP 



P>< 



Ay 



: jlj-ftTn-uVI 4j_SL*_« £yQ V <Lc.J_l.aJI (_txxL>0 



n x A 



A 



V 2 = 7.5m/sec (-,-^Lill ^^u^tiJL) 



i La » - a II 4- c3j-^l (jA' 1 J'^ 1 **^ 0*"^iL? <J-iL*-« 4- C^^di-*-^! >J^~ ' ^ ' 



v 2 2 x P x(i-4i) 



AP 



A^ 



2xc; 



73048.9Pa « 73KPa 



VA 



AsuljJIi'JLs-jJI 










: LS^L^jtjJU^I^^lijU^I 



■ jlj-ftTLi-uVI 4_!.iL*-a t_Jt^=1 ( f ) 

4 250mm <ui ^ Jj-Lj B jl_ui J^^ui £-j>aj < 300mm x 400mm ^Lufj A jj*. J^^ui 



Ix-ClC l-S 



jl B jiic ^j^>j,i £_ ^i^Ji ^cj-" 1 '-."d-vl i B ji A (j-a O.zbar jl jiiLy .u:,mi ^ x a ^ i i jLa 
18m/sec ^jL^3 A j^ *i^ji i^j^j R=287 J/kg K *!^i ojISj^^Juj ^ Sjij^Ji ^j.> ^T 



(jr lc 2I (j_a yj "1 >7 a ^jIj-JkJI jjl i^_jjv ^LJ^l ^-—iJj jJL I ^jIj-JkJI (J A 1 ul ^_ 4_4jjiJI (J^Li* *-UI 4-Cj_<-u (-.i-m-*^! 



4m 



'/: 



ii. 



-o- 



d = lb0mm 

j>2 






v^ 



AsuljJIi'JLs-jJI 
















jl . -t^jUJI jjlil 4±1=3 ^jL^j 4ii>ljJI £jUI £Jj<=> jl (jj^. ^^aJj jljom.VI aJjIjuj • 



A >< A X V l = A X A X V 2 



i^^Ls i-ju^a3 j\j o"...VI 4_!_sL*-a <jLa ( AjjIj <d2lii=3 ) dal »-^'»>t t Jj|_2J1 j_i£ *jLU 4JU* 4_j 



A X Vj = \ x v 2 



Jl-»1«3j aJlIj j-i-L 4JlaLiL=3 jLa ^LllLj , Ul :,^AI t Jj12 *jj|_a j_a l£>^' '^* 4- lSj ' "J l£^' j-SUI • 



tiiJij ( B) Jl_oi 4_ali=xJlj (A) sic 4_alii 






A 



A 



i?T 



1.5 xlO 5 



1.725 



Kg 



287 x (30 + 273) m 



:(Y) ^k^II j| BjJ^ AialV^tl c_jL 



O — ' <i j 



A 



A 



i?T, 



(l.5-0.2)xl0 5 , _ r JCg 
-* -, — '- r = 1.495-?- 



287 x (30 + 273) m^ 

( W ji ( Jj) aJaiiX I J-Lc icj-txJI (-jLlxlv (jj=l^j ^y » La S 1 1 £yu 4jjlj_aIL-uVI 4-J.sL*-« £jli Lajj j 

A x A x ^ = p 2 x A 2 x v 2 













UjUil 2_ <_)iaj$_SLi!l Jj ^— qj <L_lUi < V2 I Jl-cLj I^jLla (j_^x-<w j! 4_<s^l*_<a I g 1^3 4_!j>L*ll I§_ <— 1 Ij-l<Ti_U 



^x^xv, _ 1.725x(0.4x0.3)xl8 _ ,, Q 87 m 
p 2 xA 2 1.495 x(0.25) 2 ' sec 



: Cr^ ( J'j-"^ V'j^ 

.4_&9j2jI a (jl\_>jl ^_ *.Ull •»■ La 1 ■■ (j"*-> (jr^^J-? 4-J-SL*- <3 J)~. "' ' 

p 2 p 2 

^Lcj 1 11 tL 4_Jjl_Lo ) A La S ' 1 1 J— Le, <nj 1 11 II L>ia-j| .^j_j>JI ' La » ■ ia II j_& ( Y)j ( ) ) Jl_Lc 1 LaJi <^> II (j\ a^Ajla 

Jj ^-— 1 1 ' ^j—ijj 4_!.sL*^s (jL-2 4-_lIc . I j a us I g .Xlj"*^l jj ^— ■ ^ > (^yJLlJLjj '^-^- 3j-l<_i^3 j-lTiaj ( Y) 4 La-S-LJ I JlIc 

: L3 Jll!l _^ti!l ^^JLc L&jl ir-il-^l 
Y = 2 1 g-Z 2 g = g (Z 1 -Z 2 ) 



v 2 = A /(2xgx(Z 1 -Z 2 )) 



v, = ^2x9.8x4 =8.86 



m 



sec 



: Q ( _ 7 -qaj»JI (jLjj_ijJI (Jjut-a c_)L-uj>Jj 



Q = A 2 xv 2 

Q = - X (d 2 2 )xv 2 = -(O.l) 2 x8.86 = 0.0695 



777 



sec 



Q = 0.0695 



m, 



sec 



A^ 




AjJlJJt i-uJI 4 .jjjjtjl 



JL! 



.^ifflp ll LUjiiJIg .^inl l pilnlll nnlnll niniiig gll 



jji^irijjjuUwUi 



i^ ♦ « >» 1 J 2— do 9_uJ I 



! 




^' 



»*» 



^^ 



^Ull'^'' 



|>4 U Uiji*» 3^' t^ 







cjLa}L*JL (_._uljVl 4. .U;.MI j^ (_)Lm3> ^^JLc Ij-ilJa jj^j o? <_jjjGJLI ^^JLc 4-^*0 i3>IJ*1I 

4_ajQieJ,l (jLjj-ijiJI p'j-il ^- i_£J>j^3 Jaiait/a a I JlJcTli-u I (jLSjl 
,3^Jl1!I 4_Cj-<-u *— « 4_J2^L*JL Jai-Ja II I **<* <_)Lxljv — (_f_uLWI 2_ <j^Jl2!Ij JaJL>JaJI jJaLa uLd. 

. dj LujslII I a I JlJcTli-uLj iLaJLLeaJI jJi2 JuJlsij 



'/■ A * (j^. 3jl Jl^>JI 0J-& (jLfljJ 4_h.uJ (J^J X q] 

, U » i >s 1 1 Jaa-ui < )L..,(.->- (JliLilse-La a I JlscIu-u I . 1 



( 4_=jj_=»JI 4_!L>. I§_ f-s'jll ) AJbL-aJI e Jcv^JI 2_ ? Lv La «L-ij»a- (jLfljl 



AY 













{4 «J& 

*.LJLI 4_JL>. I2_ Xi&jiia all Jl-jV (j^-II ^'j^l-lll 0-° J-*J *-jLU Jai <^ £_ LL^-ufc iiJL-LA <j? i_3j)j_*ll jj-a 
. U; ,>. tl '£_ tlajMI tiiJi <— iLu-lv (j-a JuV 4-lIcj .L&lLc <-<-Uri3 <j? (<JLiljLc) *-'^JI 4_!L>. £- ^jijJ.1 j? (JjIjjji) 
I fciig t— JLiTJt j_i_->»j (j^i-JI (^j_SJI ijj-2 Sjj-i-uLa (_)}L». *JiLa jjL^j—uj J_Lc .,_£j_j>iil ji <_i^jJ2l (Jjla -ii JlL«I (jyic 
3j_J2 <_dl_L<i < •»■ La i uVl J_Lc (_ya ail ^ j^| (j_a 4_j>oL<JI liJI ^-."^Vl (^jJil 4..£Ljl3VLl2 j ^ Li3 a 2 J_c ^j_a (jyjL-J 
(jr «_txLj Laj jj_!j_bj («-2j (— 3^iji~l— > <_iJCi>o ■ ill *-— '"'-n. x I ^_a 4_j>oLLJI ^jJjJI .*J:Ltl 0|_j>oI j-u.tj is^J2j 4_uiL>JI 

. Surface Roughness ^U.mII ijjJ^io 

jlj^AJI jt iaj^JI t Juk l^jjuj Energy Head Loss £aLk!1 j>j^c jIjlSjs j! Pressure Drop.U;>MI 4- 

. Friction Head ,*ti^"^vi ^^^c jf ^ti^-^vi jlsUj 




(jLijjjJl oL=bjl 



fijjjjiLa (j_a ■» La.2 a <J}L». . U. i « >» 1 1 £- Jo^j-JI <— i Liu.**- 4_loj^=j ( ) . ) Ji 



(1) ^ * La 2 1 1 £jtj JajuiaJI 2_ Jo^aJI (jLa O . ) J-^-. ~,tl ^- lAj-* 5 J-* ^ n ''■■"' La <— ij-ul (j-a LfclaJLa Ljjii*? lil 

:4_jJLl!1 SJjL*J,l <LLa -"Ij; (jr^uu (2)j 

/ v 2 



j LaJLlI dj J? ' . 'J pVi Jj ta / < «-5l 1 > 2 bifida A yO J < «■$! U Icj i ■■ ^ * V " ill ^alLvVI J al » a j A f 



Ar 







:^l_!L___> M i La » < a \j ^ »^-^ , u » , %. 1 1 _|_ J_>j_ t( J| 4_J_iLj_<5 iblj^i _j^"~ * < ' J 



J = f X X — 

pxg d t 2g 



H f =- -= f x — x 



.111 <___& l_9j_*_i I <\<-— a J__Ll__1I ^j -i^* dil Jlvjj 
: <_jL___~ jI 4_3j__/j 4-1-^J . U » . ^ 1 1 _L. Jo^aJ I I _U_ 4_3j_*J>j 



Re 



pxV xd 



jjajj 5 (*£ 5 • 



J^^iJ f*J 



\ V J 

2j3__-U1 j_Lal J I 4 _l__i,| 4^___j>_;l 4_L..r.LJ ____j (Relative Roughness) ?=____- }U 4_l-u_iJI 4^_____j 






D 

(f) l_3L__=___-VI J*L*^ • 



4_^L_t_JI j___ulji,l (j___Uj 4_____J_JLI 4_)J___>JI - ) _jjj_s. 



(Material) 2_U! 



D(iJim) 



Riveted Steel ^Lij-JI iVjia 0.9-9 

Concrete ^L-uj-kJI 0.3-3 

Cast Iron j-aj jl>j_v 0.26 

Galvanized Iron <>iL*-3 jjj> 0.15 

Asphalted Cast IroneJL____a j__>j _u jl_- 0.12 

Commercial Steel ^jL^_ _,_{$_» 0.046 

Drawn Tubing 4_,^_____4 c_jj1_iI 0.0015 

Glass £_>.j ( ^u ) Smooth 



A£ 










Re = ^x^h = Vxd H xp 

V JU 



. (m/sec ) <jL>caJi itj-u. = V 

. (kg/m 3 ) ^sui ^li^ = P 

. (m /sec ) 4j^nUM^ii ^.j>ui = v 

(N.sec/m ) (miaio^t^uiijjjJi ^jjiii = // 

4_ La? < « Ustl Zj^jlLolII j^u-uljll 5JU. 2_ Ct 1^IjlII ajjj^UI jU ^jLxu^ (m) ^jjJl^I jU^tl = (1h 

d R =4x — 

. JU! ^kHI i^L-* = A 
. JUI ^2i\ d*j^ = U 

: Jl i- 



, A 

d =4x — 

U 

(lxl)m 2 4x1 4 
d =4x^ ^ ^— = = - = lm 

(l + l + l + l)m 4 4 
.". d^ =lm 



■ H 



: 4_jT <Lj_a=-i!L J^>-j Ju2j 
Ao - 









4juU$*tflj 2uSyJ$>u_JI A«_w tfl 




<____>__ j <— iLu-aJVI : 



Re < 2100 



^ui^vi: 4000 < Re > 2100 • 



.'J J^-d!! ' 



Re > 4000 



(j-*-A^ ( V . o ) J^-. ~, tl j . ZjUU j_a> 4 <ij?"h h 1,1 f. _-___, I ■» La 2 1 1 ijj> _Cl__.1 I j-j-i-u I j-d! 7:j_j>JI jJjjjj c*-^jj 

. jjJj-oj fk£j t_-_-_- (jyic <— iLli-ujVI p'j-ii 





^s. 




— ^)- 


^— 




i ijUi>mi il 1 ( i i Y ) J-— > "• 


^Laj < il .,„M ( I . Y o ) J^ ,~, 



Moody Diagram t^Ja-ww 

_L_ _L_i__a ll Jaj-i-h _J_alj__ J -— 1 1 (--_l _)_ji_c_ _)__. fijL-LC \^ WlX) _$J>j^j & <\ <\ -_* a J I 4_n.u_ iLaJa-se-t I Ijufc 

Friction -^l ^-,^Vl J J.^ ( ^Jljil /\ ) £_U1 jLj>--- j_l__.1j11j _sjL>dl _L 4-aJ-V;,,, II _.1j_U ^IjJf 
^_c I ^,t^^\t * ( 2 ) _____qjj -vij k 3j^ tiJLLiij ^-U...Vi <jj.jq_^j Reynolds Number jjJ>oj ^jj Factor 

:J=iIaicII 1ju& 

Re<2xl0 3 

4jL_u_>. (j-^X-SJJ jjJj-OJ (*^J ^-° ** Jt *^^-C-J 4_t.Ll.u-iJ I 4_tJ___>JI _5-~C JlaIL»J V dJL_____-VI _JjjL__<S ^jL-) 



:4_J__U1 4j_._*ll ^ya 



f 



64 
Re 



: L _^I J _JI c_.L__i:VI iJLa- ^_ • 

frUula 2jj__.UI J? _£? 0.001 _yj J_si 4_u___iil <_j.__.^j|j Re > 4><10 3 jjJ><jj r«^j u-== 'M 

:4J_.L*11 £ys L_JL_____-'_ f l J^L*-a <_iL_u_- _>==l^j < Smooth Pipe 



f 



0.316 



Re 



0.25 



A1 













.Roilgh Pipe Zone (j-iajjl cjj-a-uUI SJLtaJLa _> (-3jJU L^J-* 5 cLdaJta (j^a *.j^>JI I JUfcj Lpslj-5 jj*^..' 
(d fijjj-uLil j LaJ3 Jl (£) iilLaJtl <jj.Jir»JI 4_lxxlJ ^^ <qj-mlll £JjJa3*]| ) <qj-mlll 

^jjM, >Jlj ^j-* iaJaicI J^r* tl j-liJl Transitional Zone 4_JL2iiV1 3 alailb t_aj-j»3 3 Skill <> j_<k$ 

. ( 1 . o ) J=xui 4- N '^-^ <>Lh U^s 4ji,„;tl 



^JJ-* er^^ JU^-^ 



jj J— <«»o 6mm oj t^ 1 5m 4_J^i= <_jj__iJt 4- ' U; -^ u 4- ^3—^ ' JL -*J^ 
. 848 kg/m 3 «G£ili=3j 2 m/sec *j$^VI J}U* <G£.j_^j u=0.014pa.sec 

:J-»JI 

pxvxD 848x2x0.006 _ 
Re = = = 727 



/' 



0.014 



:4_J.sLjlII £yi ' ill ^— ■"->-> I (J^jLiuj <_jL<-clv ^j^~ ' < ' tlp| 

„ 64 64 

f = — = = 0.088 

Re 727 

: ^jjjLSJI jj-a ' ill £ —- ■"■■s.y I <L5e_jjJ i La » < b 1 1 4- Jaj-ijl I— iLuP*. ^j^~ I 1 ' (jyJLllLjj 

/ v 2 



P - P, = f x — x — xp 
1 2 ' d 2 



P!-P 2 = AP = 0.088 x 



15 



0.006 2 



-x — x848 = 373.12KPa 



tju \iMlr iLijl 




:' ; '■: ; : • V _ : .;- J- ,-i 



6 mm 



15 m 



Jllll ( X . ) J. 



/-.: 



AV 













a£Ia.VI (>bu. 



?3 



cx „ 



3 
C 

3 

f5 



5>a 
o 

It.. 




Relative roughness e/D 4 j;. , m1 1 4JjJe>J1 

Moody Diagram ^^ .UU-^a ( £ . o ) J-^r;, 



AA 













: JLJc- 

Q=20 //mzn jLj>^JI Jjul* jL== lit 10m LpJ^L a*^ <-aj-»^ Sjj-^Ls 4- ( Ap) <U;>MI J^a t-^a.^1 

u= 50 xlO -3 pa .sec ^jjJj 1030kg/m 3 JjUJI iali^j 3.81cm Uji^a 



Q = 20 / . = 0.02 m 

^ /mm /mm go /sec 



V = 0^2mV . 3 .333xl0 4 ^ 



sec 



:J^JI 



= o^Ji 



Q =A*V 



:.V 



Q 3.333x10 



A n 



-4 



0.292 m / 



-x(0.038l) 2 
4 ' 



sec 



V = 0.292- 



m 



sec 



:<— jLli-ujVI 4_tCJJ Jljjire-i! jjjj-bj (*^J '— '-"-"->^ 



pxVxD 1030x0.292x0.0381 
Re = = = 229.2 



Re < 2100 



50x10" 



Laminar Flow c^l^j c-jU^VI ji! 



/ V 2 

AP=f p 

D 2 



f 



64 
Re 



: ^lajJI t-jLj^VI iJU 4_j 



f=-^— = 0.279 
229.2 



: i La * < '-^ 1 1 ^_ Ja 9_LjJ 1 i- <.m.-»o <LLa a 



10 (O 292) 2 

AP = 0.269 x x -^ '— x 1030 = 3215. 5Pa = 3.2Kpa 

0.0381 2 



AH 







iVj_a 2jj_<jiL<3 (J}L>. 80 c Bjlj^v ^>-j-i Jl-Lc *.UI (j_a 3 L/sec ^j-u±j LoJl_Lc i LaJt -^ II Jaj_ui c_<-»-u_fwi 

40m LpJ^j 52.5mm L&jial ^jL>^ 
971.64 Kg/m 3 ^jLj L^l ^ 80°c i^p jj^ *Ul ^li^= j^ _ 

.3 

0.358 x 10 Pa. sec ^Luj3 ^jjJI ^^oj jdr: *UI ^jj-Ij _ 



: J*JI 



Q = 3L/sec = 0.003 m%ec 



*.Lil 4-Cj-<-u l_ 



O 0.003 „ / 

V = — = = 1.386 m / 

A n i \i /sec 

A -(0.0525) 2 
4 v ; 



IvG jjuajj) (*^J (— <-<-a^iJ 



pxvxD 971.64x1.386x0.0525 ,__ nnnnnn 

Re = = = 197500 « 200000 

ft 0.358 xlO 3 



.(j^aljJi <_jl_)^aJVI <jil < 40000 Jj a j'f-^ jjJjJjj p«j (j? I i; 

■ i^Jjjs i La La se a aJlscTllijj a 4-t-u-all I 4_ia-iTu->Jl i_<.l.,i.-»iJ I ju 

s = 0.000046 m ^jL^ i£)L*sII iV^ill ^,y^ 

: i^jLfclJI WjAII 4_L,u.u_Lll ^Jg-iaAJI jil 

£• 0.000046 „ nnn „„ 

— = = 0.000876 

D 0.0525 

cy l£. Jir-i<i 0.000876 jjjjinitl ^Jg-jqjJIj Re = 197500 jj^. ^.sj-a JaiaJta *l jljcI^L <jj! 

f= 0.0208 







• , U » , ^ 1 1 Jaa-ui i iLlm>- ^j*""" 1 1 ' 



L V 2 

AP = f x — x x p 

D 2 



AP = 0.0208 x 4 ° "^ x 971.6 = 14.8KPa 
0.0525 2 



. (_£jLa=-i!l 'nVj All 2jjjj<m j La^j ^jLjj-ijiJI <Lcj_<j<j (jr aAj»JI (jLjj_lxiJI (Jjut-a <L2jjl^j liAJjj 4_u.<.a 3jljj>. ''-^J-^ 
lLsj-j-A (JjJljlI! j-^- I I LaJajJe^a I j LiTu-i I ^£j-^~~\ cj\j->~ diLjvj_S J_Lc i La » >iaJl Joj_ui <L2j_*-a (j^s lj ^^-— i -i"j ^^— i Ij 

4_jvjj 4- ^-^ j- 4 ck-J^' j' Correction Factor ^-.~-\\ J_al_«^j . 4_Ll*11 3j1j-^>J1 4-^-j.s 4- ^JL^aJI 

.(<_>. o _ o )j( t.o.o) J^lA!1 4- r '^"j L* >*i JjLxlJI <jLj>^ ^.j-^j ^'j-^' 
450 pa/m j^iyi jiX\ 4- 'k:,^ ti Js^a 2*1jJs ^^ij 50mm Sj^UI jlal jL^ lil JjLJI Jlill CT i^ 
.0.88 Sjji! J^Lsl^j 1.386 m/sec icj-^j 80 C jdr. ( <_>. o . o ) J^.~.u 4-^j-!I i.'t^^-.^- ^"^v^ 

40m J <U;>MI ia^ui 4- ck-^ 1 



.-. Ap for 40m = 374 x40 = 15 kpa 



*\ 













Pressure drop, pa / m 

n 

3 
D 

FT 



M 



-v — i. N> 0> 

u a ui co~ r 1 ^ co-f^cn coo en o ■ : o : 

ooo o 2 01 O OOO oO O OO' 




^jUj iV^a Bjj^uLa <J}L». 20 C° cj\jj>. ^j-s Jilc *UJl! .U;,Ml cL^ui ( I . o . o ) Ji 



nr 







1.05 



1.00 



-g 0.95 

c 
g 

u 

O 

O 0.90 



4 



tl» 0.85 






J*yafti)l 

























^ 








\'°< 


^ 2 
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>. 




" :■". ' ; 
























•^ 
















\<<: 


\f 
















\^ 
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m m 



0.80 

10 20 30 40 50 60 70 80 90 ; 10Qi 

Temperature, °C 01] 



Pressure Drop in Fittings y*»\£S ( u*Sp ) Jjusjj jiai ^ ia*aJi Ja^A 

'"'I ^— i _■ "■ 2— (jiaJU-J I g ' ia «-) (_i_ulj 2 I lLxjj_J A JlJcTli-u-J (_i_ulj 2 I <_<_i£=j3 *_Li3 ^j_a j_lj_=3 JJlC Ji^JJ 
i_i_ulj 2I ■* ^— 1 • ■"' fi^Lc ^1 - aj _g * 'I uaX\ 1 a I" -■- a ^_j 4-jjLa^jJJIj <Lj^bl.JjJi lu«JI <Lqia 1 31 ^- *.l^jjlj Cjj^J' fcJJL9"* 
<-^j>. <Ji^\3 4_j_<_uLjJ2 aLseJvLj icjjllil <_i-j£=3_pJ I «JaS j '*^j" (_ijvjILtxij L«_4 BJljJlc *s-3tj><JI ^_ dilj-ijuj CjLcj_a3 

■ A-allJeJH (-t-ulj^l 

/_ji ( au-lj c 1 /_3 i ftj ^— ■ ) ) 1 ( 11I9J.1 CjLu^=i >3 ^_ iLaJI tiaJ I Jo 9-J-& < )l 1 n-»J Jan-La]' js-il (JjO (Jj 

2— Joj-aJ I (. 1 1 11 -»o j-^~ I u uu^i j I < a !Jt^~D~'^ ' (J^-*- i-LaJLiia 1 1 ^_ lLsj-aJ I ^j ■■ aj C-i-u-u_j LjJjia I Jt-*_> L^jLLact 

- sr. 
















j_UjiIjJLI '~il ^-»-U AjjIjJL 


JI^LVI (Y . o ) Jj 


Jl*. 








(_J flings' 

(mm) 


(mm) 


£^= 


T ^ 






90° 


45° 


<Ltc.j^ 


4 a ■ c-i ■ ■• a 






15 


15.80 


0.6 


0.4 


0.9 


0.2 


5 


0.2 


20 


20.93 


0.8 


0.5 


1.2 


0.2 


6 


0.25 


25 


26.46 


0.9 


0.6 


1.5 


0.3 


8 


0.28 


35 


34.04 


1.2 


0.7 


1.8 


0.4 


11 


0.42 


40 


40.90 


1.5 


0.9 


2.1 


0.5 


14 


0.51 


50 


52.51 


2.1 


1.2 


3.0 


0.6 


17 


0.65 


60 


62.65 


2.4 


1.5 


3.7 


0.8 


20 


0.79 


75 


77.92 


3.0 


1.8 


4.6 


0.9 


24 


0.90 


100 


102.3 


4.3 


2.4 


6.4 


1.2 


38 


1.27 


125 


128.2 


5.2 


3.0 


7.6 


1.5 


43 


1.70 


150 


154.1 


6.1 


3.7 


9.1 


1.8 


50 


2.00 



pjj £ya c- 1 j ^—, T 4jlxxlj (jyic. ^jIL>ijj /jimn (jr <a.i-uVI LAjJaJS j-u "Ijl I OjL=j lil — oLus j-u-u\$a ^LajiaJja ^_ 

lil .U;,Ml cL^uij ^UjvVI ^jn'mtl J^laJI t-iio^l < 30m LpJ^ta (jL^3 liLa 4_jjI^j cjLsUj^ aj>Ijj 90 
10" Pa/sec ^o^jjjj .998.21 kg/m f m ^ali^= jl^ .6 L/ sec $* M\ dkj-^ J-^ u' '-'-^ 

. (^jL>tJ iVj£ (j-c 4jLL^a-4 2jj_*_uLU ^jLjLJLc. . l.UUo x 

3.0m = (90°) j^iyi ^=ja ^jijii ?<?-,, a\ jjLs\ 

9 x 3 = 27 m ^L^i **^ d*k 

= 0.90 m ^i^aU.m ^jijii^-i,,,!,! j^kJi 

- Hi . 














= 2.7 m 






= 30m 






L = 30 + 27 + 2.7 


U : 


= 59.7 m 




Q 


0.006 


-1258 m 


A 


^ /a m-rnnV 


sec 



2 jajjfLci! [Q j Sj i " 1 I ^J a La 1 1 



: ^LLI {jlij-uj 'Lc.j-uj 



pxvxD 998.2x1.258x0.07792 _ n 
Re = = = 97071 



V 



1.008x10" 



: jjua-b) .SJlC < )Lm>. 



e 0.00046 



D 0.07792 



0.0006 



.(j^jolj.i j] <_ij La i ga a ^jLj-lxJI {j jl 
: iLllulU I 4_ia-iTu->Jl 



f= 0.0208 



( ^Jij-o i La La he. a a I JlJcTu-uL ) ' ill ^— ■ "■n.x I (J^jLs-a 



L V 2 

AP = f xp 

D 2 

59.7 (1.258) 2 

= 0.0208 x x ^ '- x 998.21 

0.07792 2 



: . t-s « i >\ tl Ja a_ui i- <.<.o.-»o 4_Laa 



v AP = 12587Pa = 12.587KPa 



*o 













: Pumps and Pumping Requirements ^£Jt uUlklej uL^iil 

. 3 a j La ' 1 1 j i ( nlj^a ^_ (Jjl i u II (juj i-u 4_ajLiLa ^ Le Cu-lJull 4_aj^L!l 4_J2LLaJI (JjI i u II ^ Laju ^^— t-ul ^~ I - ; A 

Jj_kaJI '"'I se lia a Lai Jiir" i ul L&jIL^slj ^J j "*'_9 '^-* <-&! JJ-^ Lr^' ^-Sjj-kaJ' Cr^ 1 ' ** '" '**"' ** * ' ' a ** ' J 

( pressure head ) ,u;,mi j^. _^ ^-,^1,1 *b? j_j^j L» aa! <j! .^jii s^lj^l ^L^^ ^j^jii 
L^vLi^; ^oJi ( power ) zjj^iij 4^3 ^ jji jslji ( flow rate ) dkj-^ J^-^j 0*^1 oj^j ^ jJI 

2— (_yaJI Lga^>JI oJ-ii ji'^" La LjJLcj 4jjt*ia_tl (j^ajl Lgaj>u £j_ii (j7 -c-i.ujj . (^ eillCieilCy J <icjiaJLl 2; I g~=>^ 






P 2 . v : 



2 .»2 




-?TC- 



Pl' V 1 



!>*:.< 



?2 



yi 



w 



£> 



■Ai_i_kui 



it tiaJI Ol JialLaj S^-.^tl ( "I . ) J^— iSJI 



:( "I . 0) J^— At I jjijl — (Y) iiaiiJIj ( ^ ) £yt*US?tl ( y^ ^jj^jjj 4_bL*-a J).!.'^"'.' 



f! v: 



R, V, 



^+ V t + Z l g + W = ^+ V ^ + Z 2 g+(AP fr J 
p 2 p 2 



. J J>>JL> <sr *M,I 4J2LL ^yA W : d*02 



«n 













: J 

(jlj^Jl J\ u \«, n \\ (jlj-^JI lh 5 4^-*2» -sLh < 2.1 pa.sec ^_j>lj 1100 kg/m 3 <LL3li__= ^jU 
. (W) ajclaII £_.LL_. t-^a.^1 . 50 kg/sec ojSs jLj>^ Jjut-cjj 52.51mm Lbjlzi Sjj^Lj J>U. ^^kJI 

(^Ij-j ( _ 7 -aL^_i^o 1 cJljvIj i_3j__v 4_Li^oj VU f-lj_£_=i 4" ( ii i_JI— lAj f«_i-ujJI ^ Le 4_a- i^-ij^a (Jlj-La^l 



. 30 KPa l£jL<-uj <U}L>. ,U:,mi ^l j^ i_£j1j->- <J-iL^°j 
: : ' p 2 ,v 2 -.. ^ 





13 



15m 



w 

JlilK v.o )J__=-J; 



r'rv$ 



e vr 



P-, v: 



^ + ^ + Z l g+W = ^ + ^- + Z 2 g + {AP frict ) 
p 2 p 2 



: (jy i! j-ij-J 4j_5L*-a J)J. " 



(jLa 4_jlc . (_£j_>JI Jai tiaJI jji (V)j ) Jiic i La » - Ja 1 1 < lj i^i^i i_£jL-aJ ) ^jlj-iJI (Ji^J-a Jiic ic.j_.jiJI 

: jfi\ J\ j-~-aIi*_. aJUJI iJjUil 
W = ^- + Z 2g -Z ig +(AP fll , t ) 

(jl Jl2_3 + <__i}Ll~o^_L!I _?_ i La i • ia ? I jjl Jl2_3 + lLJI___=i__vVI 4-5e_pJ ' La » i ia ? I (jl JlH_3 i_£jL-uj i La » ■ ia 1 1 (jl Jl2_3 J;^~~ l!j 

: <__iM-J-*^53-J I J -i!l___=i_cv VI 4_3b_jIu J__i_t_aJI (jl Jl2u3 <— il i u_>J 



Re 



pxvxD _ 1100xvx0.0508 
ju ~ 2.11 

- HV - 












: <Lcj_lxl!I i_i 



50 



A 



1100x60x 



7t 



(o.052l) 



= 0.35 

: i sec 



pxvxD 1100x0.35x0.0508 _ 
Re = = = 9.6 



9.6 > 2100 



2.11 



(JT 2-iLJ2j <■_ )Lt.l.ajVI (jil 



: /^tl^-^VI J^U^ c^, 



Re 9.6 



: <— i^Lt-uajIil I j ' ill £ —- i**<-n. V I 4_»LjIb JajLtlaJl Jo^jji 



LV 2 

AP= f xp 

D 2 



L = 1+1+3+2+15+3+1+3+6x2.1+1x0.6 +2x 0.65 



L = 29+12.6+0.6+1.3 = 43.5 m 



: 3j_$jv 2 1 j <— i^Lli^3 jUJ I j ' ill £ —- i-i-n.. V I 4_as_jlu i LaJt L^aJI daj_ui 



Ap tot =372.1 + 30 =402.1 kpa 



: JaJt-LeaJ I ( Jaj_u& ) <LJ3LL> 



402.1x1000^ 

m =365.55 — 



P 



1100 



Kg 



Kg 



m 



\h 







: Pressure Drop in Air Duct Flow t I^AJI dlLu« ^ IouaJI Ja>iA 

^Jlj>iJ . ,_£j_a=_<aJL! <_JL^=j_51 i-ajLSJLI (j-a (JjJLaj j_l^3 I jl (_£jLjij (jy i=j_pLL-ul i La » < iaj 4 J j LLa 1 1 *-'^«JI -^j-i^"" 1 *_2jJ 

.lLJL^lLvVI 1 La » 1 a 4_ Sj La ■ b a <j1 Jl*l2 
*'j*J > (iULuija ^_ Jajuiajl U3j_uk <_)LuO> iij^Ia 

LV 2 

AP= f xp 

D 2 

ap = k(± p vA 3 \ 



f 



K 



'4 = » 



Resistance Coeff. Or Press. Loss Coefficient .U;>MI <j1 jlIs J^La* jl 4_ajL2i1 J^L*_<w K ^yk. jUajj 

jl *-'j*JI JJL^ ^L^? 1 - 1 ' j-ll<3 jjjo LiTu-u ;_£ JJI (jyi^Lj-aLbjJI 1 La » LgaJ I Ja^jji ) 1 La * < '-^ 1 1 £^t j-ujuJI Jj^-— ■ 1 ij 
LjIjJj c- 1 j ^-. I Jij^vjJ tiUij 4_jjIj_& diLalj^ frj-iu-) >__ r_i_i_,j_i jj *.I^«JI (_£jL?ta ^_ *-'^(JI 4_Cj_<-u ^j'-^^"~~ ' j! ^Lfj 

tijLre_iiuj_<3j *•'_$— * <— '*— ^jj-^j (L)ctrnpersj cijLjI^jj <i ai**,-^-^ dj^ ^33 T-j^-^ ia 3 lt^'^-^j ** *- '^ <— il— j-i^t-i-aj 

( %^l ^-— 1 1 1 (JjlaJI (jr a-i-uj Lftj (Lip-LCj (j^^-"-^' <— iLaJLa j| Jijp-uJI tljLiLaj (J-<-uLi_aj 

Le = Equivalent Length (m) ^aL^JLI J>LaJ1 
D = (m) ^L=m jla^Ji 



d_*»_*}l3d*->JI jjl^H'ijJJuUuLil j_*_*_ll 




P = AP x Q 

_j -— i lj d ^J^""" 1 "' -^'J-*' (jr-i-J-q-H ^i^^-^ 4_j_^_«o 4___>L><_I '"'I -ij -: '^"<tl ^^ L_uL_uI _.J_>oj i__j_*_ *-lj*JI 3 J a ^"~ ' ** 

.4_t_I^JI <jijI^_LSJ1 ^j -i ___i j 4___i|_><_l <_ iLLi.u->JI (j-o -iJ^>o «LJLa 4jvj)jJLI (JjJljIuIl! (_~>.lj_l . u » . ^ 1 1 jl_i__a 

j ,_£j_a=_<dL! 4_dL___JI i/ajL-LU jl JiILa (— )L-uj>iJ 0_bJ_>_t _)__=_«_ 4_vj)j_l,l .aLal ( J.a.-Tn.u- _$ Jl!I JaJt-LeaJI jl JlS -i*^ 

:<_va L__L__I _J3~""" '**' ' _£-— '' 

Friction Loss .'tt-w.~.vi ^i, ____ji jij_ia • 



i v 2 



AP= f xp 

D 2 

, U» ,%. II Jl__i_j i__j__j I Jl__j <__LaljjL_l jl 0L_>_t'_M j I <Le.j-i.u_l I j_u_i_ 4_a_j_j ___«___ II _L_ J____]l jl_L__a • 

Dynamic Press. Losses ^ ja LbjJl 



AP = K^ 



:_yi /__' a_fc (_J)_5_<5 (j-a 4_L_jaj JLaJLt-aJ- ■ l___i II ) __ul (J9___i_j 

c _JL_____ w _f| 2^.r.\ ,U:,MI 3 _____! • 

: (JT _'_M (j-o (_>-= jl _>^-*^ J I J-v] (j-a *_3Li!l Jl-L-JI • 

. (-_! 9E---II _ ^ 

. (j_u__=_3 j I (JjJL-j) *-l^(JI jjjj-sta a-La-Lo 4_v L-t-a j-li*3 _ Y 

. ,_£j_>J,1 _L «tl^(JI U^Jj--" *>L>-»I ^rjrhi-*--'' ~^ 

• j- 1 ' ct 11 ^- i-O^-" 5 <J\ t>"A> -O^- 4 o- to-"- 31 ~- 

2jlj__>JI <__L_*.j_. (j—a 4__jLj 4-i__u L_ «_l_ _._l_><_ _5--3l <— il ^Jl_>i_,I (_>___ftj <__!____ ?.lj_JI ( _ jj'^"— ■" 4_!L__ _L. 
_L 3-jjlL_ja j__c L-tjj-i '—i-i-i-i-j V (_P-3lj 4 j ( uLltl *-lj-JI 4__j___ _dJj____j <__L>-jJlJI <>___& j_ic *-lj-(JI 4__.Li___j 

.^LL___J! 













. bx£a3\ ia^A^^jlJjL^r-l 



: JjV! Jlj_-]l 

' ill ^-— ■"'N.. V I 4_&j_i <_j^jjI (J^ii>- La *_>La ^Lj__] i Lai ——11 4- Jl— — II ?_— ajj 4-!.sL*.a ' . <**<^-il ( I ) 

(J^Li- 80C 3jlj— >. 4-^vj.S J— ic La *— •!_ a (j_a 1U l/S€C ^j— — - LajL— — __ _ _a II — aj_L& (_i.-i.ixjv I ( <_j ) 

;ij_>. 4_jvjj j_l_ «_UI 4_a__= j_>. . 40m LpJ^iaj 25.5mm I &j L_a ^jUo iV$_a 2jj_«_L<j 
4.46 x 1 (T 3 Pa. sec ^jL-u 80C° 3jlj_w ^.j^ j__. ^jUI ^-jjJj 801 kg/m ^jL^j 



80C°. 



V^l JIM 

<_=_u_JI 4. Jl^-jjj . 60mm tgjL-_j C _*_ U VI Sj3__LLI j-ta_j 42m dLlo *jj>3 4__=i__i 4- j^h-'j^' J>-> 

. 4_jjI^j _jLaLa-'— > 4__uj 43 ?-jj (j^J plj_=I 4jujlj VU jjjo plj__3l 4_jjLati 

t____v! < 480 //mm (^jL_lj 4___x__!I 4. <jLj__JI Ju__*j 0.02 _;jL_lj l_L_=__wVI J^Lt* jL__ lit 

(1000kg/m 3 ^Ui<_l__=) .i_i___i4__ 3 ^ r ii^ A __, 



^ . s 







(_ i^Lt-^jHi! 4_a_)HJj i-dl ^-."^Vl 4_»ljIu 5_SLL>J1 _i_ j Si. dJl—L& (>_«^5 (-jj-iJt _i_ *JsU1 jLj-^ ?L_of _i_ ( \ ) 
:4_l!Li!I 4J^L«IL ( *_.I_U jLj___. 4j__| jJI .jJsJI ) .U:,^tl _|_ tSAll y\ ___|___]1 _|_ tSAll | j___ ^U»j^ .3j^>.Vlj 

l y 2 

AP= f xp 

D 2 



(^) 



V _Q_ 10x0.001 _ i62 m 

A ^x(0.0525) 2 sec 

4 



pxVxD 801x4.62x0.0525 _„_^, Annn 

Re = = = 43561 > 4000 

// 4.46 xl0~ 3 



'•j-^3^j f^J 4 



(Jjl ji^JI _y0 0.046mm ,^jL___ (^jU-_-! j>V£__l! ^.lAJI 

4_j.i_i.u-U I AJ0__j_>JI I i.-u->-l 

£ 0.000046 _ 

— = = 0.000876 

D 0.0525 

J <_d __=___-, VI (J^jLj-a i>£.lj_3 *_t_____u_ _£_ij^j J_iJ__seji. ^^-a 

f= 0.025 

; J__i___JI _L. Jo^ajJI <—i L-u-v Jt_t_____u_ ^L_JLjj 

L V 2 

AP = f xp 

D 2 



A f\ ( A AO A^ 

AP = 0.025 x x V • ; x801 = 162827.3Pa = 162.8kPa 

0.0525 2 



^ . Y 













^liil jtj_c*JI t_>^ 

:<— i^Lu^ajUJI 4_j£ L^J ■* ^— i j "■ 1 1 (jy i^xJI (JjiaJI (_i-i.u-->»j 



L = 42+ 8 x 2.4 + 4 x 1.5 + 6x0.79 =7 1.94m 



(1L = 0.001 m ):4 ^,,';, tl4-»m^.j^ 



Q 480x0.001 



V 



A 



60 x f — x (0.06265) 2 



2.6- 



m 



sec 



: J-aJniaJI ^_ Ja^AjJI <■_ iLi-tLV Jj^-— ■ <a ' 4_tle,j 



AP = f x — x — x p 
D 2 



AP = 0.02x 



71.94 2.6 



0.06265 2 



x — x 1000 = 77333Pa = 77.333Pa 



\ >r 




AjJlJJt i-uJI 4 .jjjjtjl 



JL! 



.^ifflp ll LUjiiJIg .^inl l pilnlll nnlnll niniiig gll 



jji^irijjjuUwUi 



U**lp*J ^J^jl iD^ttJ 1 ^.AiP' t^ 



3> 
5 



5 
1 



1 




^' 



»*» 



^^ 



j.VJIiuu' 



i>4 u uiji*» 3^' e*"* 







. L$j Ji^vjJLI C-ljjJI 4-!L>- cr^ 1 ' ^ "■^— 1 lb 3 a j ka 1 1 1 (Jl Lag 1 

t ^!iA* ! 

. tiJLJjjjLjijJI C^jjJ 2Jjj>JI '"'I ALalLaj tiJLJjjjLAjJI OjJ lJijUoj ^2j.Jt-a 
. ' ill ^— ■ "■n.x |j t-jj-iuTLl I (jyic 4j>-j)JJl!I j_i3Gj tiijjjjjijijjl OjJ (_>^ajl '^>~- <L2j_*^j 

<LjJbLSJI _ <l>.j)JJl!I _ : (JILa 3 a D sc 1 1 (_)^Ijj>JI < jj S3 Juu c^-mLLlI dJLJjjJ-ijJI Qjj jLlL'^I 
_ I J 1 u^aVI 4_ajLiLi _ *.I^JI (jLlcjj ^.IJLI J La^ (jj-l-C BjJlSII _ ^jLcjJI jL-wio _ Jal » <>»*>\1 1 
(_£J-<5 _ (jLJLiJI i (_)iaj-<3jJI 4 J_cJ*-i!l JoLSj _ aJlSJI <LajLiL<J <jjJ-C «jJL2Jli "(J^sQjl 4_ajLS-a 

. 4_ajQieJ,l L^jLcj^jJtAj (JLCnTu^U 4_ajLSJLI 3 ^-— 1 J^pJ >-t<^J 1 (JjIjjjJI jLllvI 

.^-I^X-jJjjJlAjJI CjJJijJI <L<5jlJLaj (jjj^KJJ <J1_L^3 (— iL»- J L»j Aj^jjla 
A A * £yC 2jl Jl^>JI 0J-& (JI-SjJ 4_h.uJ (J^J V (j I 

. LgiSj J LJjLij 4_L,Ll=3J <Jl!JJijJI (jJij^KJ 4_jLc£. 4_L,Ll=j 4_uL*^5J 4_tijjJI fijLjj . Y 

- 1 . i - 







h ma* 

(jr lc <— i^L<-iTu-t I J I 4_jJjjJ_iJI 2jJ_SJI (J-2J j_& ' " ' I a j i a ' 1 1 I2_ 4_jJjj J._iJ I *_jlji,l ,j_a (J? _<_uL-u^M i_3JiJI 
(— )LaLa_ia Jl LJI_<-ujt fU-tJ i * se >ia U Jj-jj-La <j-C (jlj_j>JI <j_a i La a "■ " (Jjlj-iuJI tlLJD ■* ^=j >• J I «J-^ J*^~ ' '"' 
(_j!l -Sj-JU <-3 (j— «J • (4_J2LLaJI 7:j-^~ f— '.iaj-a ) 4_jJjjJ_i ( JI ( ~ 1 1 ^sj -- ' I jl (JliLJIjia uii\ Jl j«_j <j— «J 0*^~ '""'"' '' 

.,_£jj>-I 3j_a l^al JlJcTu-uI (Jj^ LijIjJilL-ulj LiJijp_Ll! ,_£jj>-I i>j-a (jlj^>JI 

4_1aj>iJ (_^Jl-<5 j < <LJc_Js ^ ^j g '" ( jr -l-C tiUi -UgTu-i t 7 4_JaLLaJI (J-SjJ ^^jjJl-IjJI *JiUI J-Sj i>-S3-^>- (j-ul J^ A j-&L_a 

.«U 4_La_j_>ttl 4jj_JIj «LJL>- 2 aJlJcTh-u-U (j-jjialdJ *JsLl,l I Jl& 4_af.lj^a |_£Jl^j (j"*-P iSj-^~^ j-usilxi 

4_JbLSJI _ 4^>.^JJI : ( jr JLc (J-ftTnTu-j ( _ 3 J=ljJjjJ_i ( JI (JjL.u-11 *r> A<^— . ^^^JLc j-Jj-J 4 -4-*-° (_>^l isaa- <_dl_L<i 
4_ajLiLa _ 3 J-iji_=3 ^? I 4_,ajlJLa _ £.lj»JI JjLlclj *.L1I J U2& <jjJ-C 2jJl2JLI _ ^jLcjJI Jl_j^-J>o _ Jal » «>>*>\l } 

* a 4 <j£.}UI i^J— a ~~ (jLJLiJI t (_>^J-a j_! I < J^_«j*lIl!I JaLSj _ aJl-2JI 4 ajLiLa ^ Le 2jJ all "J ^— illll 

4-^1 JlJt" i ill 0_2j (J^Ljw 4JLajlJLa Jj < (.^ i i <i-r'°\ a I JlJcTh-u^LI (JjLjJI 4_a*.^La _SJij>iJ V (J-aljJtJI 0jui . rtjt-ilj->JI 

2 a j La x 1 1 ^_ 

I J_& a I Jiir" i ill (jLa-tiaJ <JI_Lt^aJI (J I t* (J-j-2 (j^a La^uJlj j_£j_j>oj < I *» (_P* ' " II <-La a ^- ? jJJ^LaJI AjiitlLijiJj 
(JjLlxlJI I J_& (j_-a (JliL-Lui Jlj>- 13 ( ^j^>-VIj i_p_il!l (j^-J J ^J J J-^a ^jTn-u-a ^_ 4_L^x^a 'J-'-^ (Jj - * 3 ^' lP> ' " 'I 
(jjLj=l^ ^JljvI J Laju J_Lc j .S 7-y\—us\ fi^Lcl jl j_uJu ( (— fl-jia " Jl ^■Llso (J— 4 : 4_l!Ljv 4_2j_»JL ojV-£i~>-z 

.L^Ibj ZjulAs ,j^a . i_sLc . ^ 1^-. ~.\ I , oil ~,",^-,| *£_> t tiJLJjjjLjjJI 

2jjI jJI (J^£. (jLa-ieaJ (J-a-*-!l ^J^'-i ^- ^-^^^J *.I_<jI (JjLjJI 4_jjv^L»^a (jLajiaJ Lo^^II^slIjI (JLiol ljj>-|-a j«u Jl£j 



S .0 







. (MWGr)*.IJLI jjjo 4-jJLc >_r_i_,jjj (jy lc Aj^Iita f-»lj-a -0 

4_jjj^b 4_j^ijJjjJl : 1jJI tljj_jjjl (j_^5 Lj^ i ( ii I (J* ^ (*J-J <— 'J-fj-^ (J-* 3 L^W" 250 — 27 D (j_<5 80 /o LljjJJj 

. (JJ^fcl! 4_ajLiLa <— !JJJ W^^ 3 i£j^**\ ^iS^^ f'ljj^'l (jr^Lj jjjO 20 /O J (Jj-aVI 



<_>■< 



J>_^.y (^xJj <f I jLicl^VI 2_ JjVl Q^jtj^JLj^l ^SUI >A pUI jL^= 



a I Ia.il I d J ' "* "'.' i> u rj—>J (J—oLc 4_JI Jl A^l—J^l j-Je-iTu i Jl^j*ljj j *.!_ II (j 2 tiJLJjij .4_jJj^p_iJI CjjjjJLj (J J u < ul 

2) "^i cjup>- (j.aJI Laa. I ^^~ I N" a I *-a (j-clul 4 "^J^-J j >j^— i 4_jja\IL(jl tliajijJI djaJueTLml tliJju 
: A-jjzI (_yaJI <^-»-tl j_£J ^jjJlaJI *_jLtl jLlcwI jjjo JuV < 4-l^sljJjJi Lfrll 3 a la )Vl (J-c£. i>-S^>- (jLctiaJ J 

. a^-I A^— ^ ^j^— jtjj LtJI 2^1 LaJI J2J . ^ 

. ' j '°! aJl^cILulJLi A a a la ' 1 1 Cj_u\j .Y 

. *» " j la II I (j-a fijJ^Iiil 2jlj_>JI -SJljj .V 

. <i ajiaJLl I *.ljj>-lj ( ' <*j<^tl ) <_jj_lxl1!I CjLftJLa J i " flj^i .£ 

. (Jj^aJI i_3 j)j_La j_l*j j 2jIj^>JI 4jvj_Sj_l*j x_a iLjla Sj>HjaJ I J-aLt-ia J claj (jl .0 

LajLLa (JjJ=xj ^jIjJLI (j— a pj-i aI Juir" i ul (_i.A-ia i 4 a j la x 1 1 ^_ (_3-J^>- CjjJljv 4_jJLcIo-I tiJLJji qY^=s lil j 

- ^ .1 - 







:<Lj3zl (_ ilj-Lg-lL BjJlSJIj 4_=jj^kJI (JJLi f-ilj-a *-1aIu jl 4-^j 

4_iaj>iJ 4_JLi2j 4_2_iiaj ?.ljj>- 2 I A-tla »"' (jyic lj-Sl-3 ^-sLU jj^"~ 'J jl Cr^-^i ' (J^ 3 ^' 4_»i2L=L^Jj 0_jjjJi!l • 

j «^ «» tl ^.Ijjvl 4_aL=3 CxjjjUj f'J-^ tlii jjj ' ill li —~ i**<-n.. V I 4_a5_pj (J—sQjl j^a 
4_^jj_>J 4_jJLc 4_ajL"La J^~ ' "'J * ^-^-^ ' (J - *-*-^ Pj - ^ 4 j ( iiLLaj 2J_jjvj 2 ) j ^ » ^ 4JL>-j)jJ jj^"~ ■" jl • 

.^j^^l J\ ^^ jl *jj>J1 
.C^jj-^ '"'I a^alj a j JujV i^-lso < '^*- (3^-2 'j'j-^' * J *'J-^J- L *^ f-* 3 ^"JL/"' J- 1 *^ jJJ^"" 1 ..' jl * 
JaJI (is jl a t" ( ill Jl_Lcj JaJLJaJlJ j"' 1 " 1 "' 4jvjijJl!I jl ^~£>- t ' La » < '-^ u Lu-uLLa 4j>.j)jJJI jLllvI jj^~ 'J jl * 

i La » i ^- II j-i3L3 O-^iJ 2j_i_l^xJI 4j>.j^Jl!I B^Ljj jLllcVI (j-LftJ Jii-VI 4-i-^J jL> V * * j_a j_l^j! 
I j-tia a j 2^U 1 j i iil-La jjJ=ijV ti^_ij>o ^.Ij^v^l » j 1 1 sa " ^_ 4-ajLJgTu.u-U 4_,ajQicJLI .sIjaI! (JjLjiJI 4_j_<_uLLa • 

.(L&>_i£j ■ 3j-caJlj J^LJU ),_£j^Vl 
(JjL-uJl 4-jvj^J ^_ (j^a-Sj Jl i^-S^f i_£j-2JI t>J-& -S^>-J j 2 < (_yii2JI (^J-SJ 4-jJLc <LajLiLa «LjjJ j^i=xj jl • 

.4_t^ljS- jl Jills ^qJLj 

■jlj-aTu-uL Lfc j_l*jj 4_jJL*JI 2jIj_>JI (J-a-^e-ii ^IjL2 OjjJI jj^~ 'J (jl * 
JLjJuj ^Cj-cu-j (j-Lat-m ^^Vl ^j^l ,^"^1 (^jjLc lj-SLJ2 jj*^~ 'j (jl ( _ ? -Lt.4 : i t 2 J ■ o^s^ 1 LajLS-a jj^"~ 'J jl • 

. j-SL*J,l I i -<^-il" 4_JLc£. *-La 
dsL_cL"i2 (_^| J_jv I^oHjV jlj <jLa-" I nVI 4_Cj_<_u (j Le j3j_jV ti*_ij>o 4_tia_iaic_La gQjlal » -^ >l jj ^— ■" jl • 

^ 3e '^-1 I ' ^^* : ~'" Uj-i-a 3j_l1=3 jlj-til Jl L^cLaAjl JlIc i^-Sp 4_jjlj^i 
_l ^Jl^jj 4_jjJulII dljjjJI jl ^-J^>- ' «GjljJ>- "^J-^ P'-^J' ^J 1 -" 1 lj-'-<-''^ 1 (JjLijiJI ^J-o (J-aLit-a jj^-— -j jl • 

.}Lla Ajjla CjLvjJ) > ♦ J^>t 0.7 
.pjjvjjl .UV ^_ ^LjJI i La _■ i a <3J>La (j£. tlL! jj B^CjJI J^-- "■" <JL£ j| jaJ^c • 
. Julj *.ljji (_^l icj_txLj (j I Lajj *-ljJI (JjO (JjJlSJI c_xJe-<-uJ Ljjl (jT i»-*j 4 La j j-iia-a ^ajia-Lt I jj^~ '"' jl * 

. I Jj>- (_ujL9 j_lJc_uJI JaJLi a j <4jJLc ( -^-'i>'' JMj-l^ ^-J-i jj^— 1 "' jl * 
(J-JGa j«_a=^>o 4-i^a-Lljji LtpJI sjJlSJI (J^j j^~ i < ' ii>-po jL=-aVl jJ^ SjJLc- (JjLj-u-JI isLl=3 jj'^— ■" jl • 

.£jUI j^s 
.^jlj^JI J^LjII '4r 3^ (j'j^' 4- ^-J-^ eJ^lj-It «jIjj>J! j-a (j-aiselJI ^^JLc Ij^LS j^=J jl • 
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L^yal^iuSLd^j.UAjl UJJJJI £l^ji 










.Ijlj*. a_l!l_. JjIjUjv^L! *_<LU iajLiLa ^ij^~ '" (j 

.ji*j-ll JU£. jl 4_jL_JI 5JUJI 4- LjL_ jj^j V j 

. I J —all LftJLa jj^~ '_' (j 

.L-kjj__ujl a ^i^iTu\— U ^1_L_ ;JJ*~~ » ' <j 

.4_ajJ*J1 (_Lj-_i ij^==u j 

■ <LU-|JI— jl__> v_C (jj^""" 1 ' (j 



(J-CJli! c i ( iiLlU ^jjJl-IjJI j_>UI jLllvI 4-jlojl^=i j_& 4j2__JI J—J f->'j-° Cr™ 5 '^'j^ Lr~^ < a '-3-^ (*— ^' (J-° 

( _pJI 4 j ( uLLII 2 aj fc, ', ^ I 1 (_ 1 .i_u1_l1I *_.LU ^Jt La : Ljji ?-j)j_Lai,l (JIj_ijiJI j ^ j^— .^Ijj ij 1 1 2 n j fc, ', 1 1 4_ 4J t. , , »l_JLl 

: Lj-La i ~ < I j u V 3 j_c, *__j (j I (jylail (jyic (JIj_ijJI I jui (jyic <jL>-^U 
(_jia_ftj <_— lc (— )Lt_*— >jj qj& <__[_& (_u4j ' I j^** 4J2I (J-L^-iTaJ <___j_j Cr™'' <— iLu— >^_ llj ■» « , ^ 1 1 J| *_»-jj (jl • 

jl 4 \\r t aIj_— L-iVI 4_JU- £_ 4JT ^f j| 3JljJl^>JI aJ^I <!)!>>• ^J^J L?-= 3 4^JJ J 4i- A £^ ->^ J^-**' J^ * 
J_i_ 4_JV1 4_ .jjjvjU C_jjJI A_i£._jj 3-a Jl_=I_J1 C-_»o L*_=j < 4-ftM tiilQj ^LkJI l-jl_-JI Jl £->-jJ 
<_— 1— . L$J (J— = LiTu-l I (_)__*J (_i.-i-i.u-J l_«_4 4_!^l _J_J '"'I a (_»ljjO x_<5 Jj_l^_] X _jjjjjl (j_ _u (jV j.LtATt]l 
(jjiL—il _Jli —Jajj A I J—T-" ( ill (__)_m__j ill 4_ (<Ll— .L— <— > ) 4___3 v^s _jajj a I JL3— — -u I j«U lil t (J— U.I (J-lj-i-u 

.aJVI tiijQj ((— >j-_ 1— II —jLftJLa ) i_3jj_> l_lJG 03^ — — ' ' " 4_c_u— !l (jL^ ' CrliP^ 1 



: ( 4_t_,_U_> ) 4_J_=SJjO J—jljjU . Y 

aJls— — — j . 4 A h je a 4j>-j)JJl! «_ jjlj (J— 43 - 1 Cr -1 ^^"^ ' 2— =J— — iil *.lj_w^L! Jljj>JI O-uj—JI 4_li_> L>. til 



_4_1 



\ .A 



_^t^^2uSu!&)d*_Jt u$JJJI £l_$Ji 



jjl«H'ijJ_3 uUwUw! 



j4__tUl 

4ojU$*tflj 2uSyJ$;d*_JI i__i if I AxuJJ 




. 2 La _ se '• a 4_vjjJ Jl r-Llso (_j-JI 4_jJL«J1 CjLc.j-i.alJ 
: j i n\yt\ ^La (_yLc t_J_$__-iJ >«->'j-^ • V 
>ial_jt<3 a (jLtTLiTu is I a 3j I) •vll jj-ua a L^j _j ifl -— i ) /^J-jl ^ J^""" 1 , Qj *-t ^ a ^r ^-l--*3 i n^LJ I ■" i <i <i -a 

^_ l^al J-V**i i ill Jj -— i a ' j_L-a Ll 4_ajLiLaj 4_^jjJl!I 4_jJLc Cjj_jJ j (jjj-i.u-Lv *_a #.l_a _--Lc _£^__>o ._9Jj_>JI 
2j 4.jJL*J1 i La fl «'^'l aJlJiI'li.ijJ I Q-— ■ . Jjjj-s-JI ,j\==jLi_o J_y3 (_3aJ»(JI _JJ-i ioJLc, 3$.Li2J=xj 4 J i iH-iJI ' " ' ' *- • -^ ^ 
(j^a Jl_»o *.UI _--1c I—**. I_a__w I (j 2 2 La i "j" 1 1 j! 4 LaAseJul I i LajJi Ja 11 Cjli CjI ajJaltl ^- 4_al Juir" i iiL •»■ ■ a b 
>L». i_3j___> a I -iir" i ill Cx-jjJI (j— a pJ-iJI I J—* a I J-V**i i nl Jl_Lc (_i_-><j j .l_3jij_L_JI ljUj ^_ Cj_jjJjJI «Jij^v 

. L$J (_)^aL^ (j 9_%J_a x_a 4_a_s}l_a 

.aujJI 2_ fUl j f.LU _L cujJJI cjL1*juuu9 . £ 



4__aL 



: (HWCF)f m jjjst <uJLc t_.ui.aJ ^^ylc. Jjjlsta j-il_5^> -0 

*_jUI 4_jcjj (jj-Lc- Jua-JU L^j Co_jjj_JI «Jij^v j . 2jlj_s_U 4_jJLc 4_ajLiLa LJj Lj-l__j _j-_aJ' A_jJLc, j-uC C ijjj 
2 jJj-JLI 2jlj_>JI JuJljjJ J-o- «_j|_a j-£<-*-> <L)La I jj < *.La I j"' - 'J^~'j" _>« A *\ * cr^ 1 l_»>- > -' *->^ • W^! ' -'Lj-iaJ.I 
Lj_j_Jc_uj L_»J_c_>_t _£.sLa_J ( <Lj^La <l_vj_. 1AA J £>£ ) _A-J 2jlj_v 4-^J-S ^- _Lc-J (j! C__»iJ 4 a j La 2 1 1 (j-a 

.j-jLJLI 4_!Lvj jj^~* 'j" J '*"' (_y! l_»AW ^ Aj * a I J_Je___iZ I Julc 
4 i i M ) sL. - ' '' ' * '*-— » CjI_u=) >_a /_ JLc j_Co_L>i_ f- a_ Lil I JL_k (j a *-—■ .f- a_Lll Ij-J 3>T-.-3 a I LaJ a I Jls_j__u u pg-ua-L) 
(_]_) Xje-iia II (_La__il 4 a j La *» 1 1 <jlj->- ^-^J '^J _paj-xJI Lg-iia-U £j£. J i a a " i_3j__i L^Ji I n~~' < *.LJ,I _>a 4_jJLc 
_)lj_i>JI (_L___ui ' Lc. j-Li-ul x___>jj PO - ^' *-t9^?* (j La-j-3 j 4_ic-___ll jjIiLjjI ' a j^ -1 " ^-<-> L_»^LcI 4_tj_aj i -r l - : ? ,, J 

( > . 1) J__=___JI _?_ Ju4L_oj La__= 
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HWCr pjj (j-o C^jj aJlJcTu-uj (j,J-!' ' " ' I ajia-Lll ^_ (jlj^>JI f-i-^J ( ^ - "I ) (_)i 




4.1^34] jj juyJ I dijjjJL AjvjjjJLII iJa^Lc 4- 4_j^L^1 jLclji!l 

. Lg-al JlJcTli-uV 

e^jJI ^14^ 4- ^IjlJ! ai\ ^-^Vi <j_a ^3LJ liLfcj . ^Ul 4. i_JLc. 3jlj_^ jJjj L^l U^= ^SUI 

tiJj_^J,lj iicjiaJLI (jlsj-iLli i_3$_,j, < O-jj-U 4_jJL*JI i^jj^JLllj AjJJllH fijIj^JI CjLvjJi 4- <-^-I J-J Lr^^JJ' '-t^ 

.jIjjjJl! «jLJl! 4_l!L*JI 4_ajL2il ^Ij^* {y> lJJqJI J! ^.'j^^— ^ 

. '"'I al a-LaJl (JILa *.ljjv 2I (J^jlj ^_ <— ij-iuTlII (_aj-<-uJ L«_4 A aj la LI I ^_ 2j JtxsaJI ^.Ijjv 2I ^_ ljLiu>jlj LaVj-il 
■* '-^J~-t I 4 -^jJI 'j'j - ^ ^"JAJ ^ a jia.Lt I (J-c£. 4jlj_lL3 t_<.ia>. Ojij-^ XjjjiLLt! 4.jvj)JJl! (_f,.t.ul_LU jLllvVI aUtcIu 4_tlc 
O-jjJjj Jljj_u jLlLcVI 4- JL>.VI *_xs ^J^>J,I J^— iSJL La^la-Lll *.lj>l ^yic Ji^aj La_a J^jlII *.l_ol LJ ^JsjjlIIj 

.OjiJ-^ ,j^ ^ ' jf '-r'J-^ L$^ 03^ O^jJI (j "^ ' 4- ^ «j t?» < 1 1 
(J_c£. -^ «-J-iJa c <<«•>* * Al"4-^ Bjlj^v CjLj>.j^ ^_ -^ .t^SL-tJjj! Lt«JI Cjj-JijJI (j— a -SJ_*J 4^>.jjJJI jLllvI Jj ^— ■ <a i j 

.( Y . 1 ) J^lAJI (>a ^a^kill 
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TEMPERATURE, DEGREES FAHRENHEIT 



• Sjl>>JI 

j Centistokes : ^jljv^j 170 F 3jIj^v ^.jj> ju^. (SAE 50 ) £jj ^ ^^aJjjju^l c^jJI ^jjJ j^j! 

. Saybolt Universal Seconds 



^.jjiJI jl jlj>o i 170 F fijlj^- ^j-i -^-^ (SAE 50 ) p^j ^ ojJJLI jJailtj (Y . "I ) J^iAII AljjeTLmL 
250 saybolt universal seconds ^^Vl ckiJI i _ y i2J ^It U^ 1 - 2 ^ 48.0 centistokes : ^jL^j 



^ ^ ^ 













: Jti. 

Cjj-jJ-I! (_,j-fl -iljl 100 r J ^-— '^— i 3 a j la ' 1 1 ^LHJuj I j**< se < '-^ a J— «-C ijlj^v 4_jvj_S 4_j^j_jJjjJaji 4 a j la La 

,?JLji> 4_ ^-i!! I JLA gLajLJe^Lm-j <jl <_i.->o ^ jjl ^^aJjjJ -frll O-JJJI 9jj jJt> La . 7.5 CentistokeS : ^jLj 

S 2 a j la ; t 1 

Jl wjvjJLj < 100 F 2jlj^>- i^j-5 J^ 7.5 centistokes ^jUa3 i^jjiJI <j1 Jlj-^JI cj! jt->*a <j-a 

. (KEROSENE) 



t^yjVI JjJu>J1 j_lc I j". a^laJba £_ ajjiil! JlLl!l OjjJI '2- L$J Lajj ^Jl <jvj)JJl!Ij 4-t^a^jj Jli^J I 



4_t^3_JjjJujJ! i~il'ij^^tl .j U . , t ia-jjJJI C^Vsx-aj cj\jj>^\ CjL>.j_i : ( \ . ~\ ) JjJt^- 



(mm 2 /sec) i ■<=-< ,'\ *; .^-.tl i^.jjifl 


(^ Sjl^3«JI 4^>.jJ 






r — >♦ 


A« - ^o 


2-^ljVI 2"mI" 2 i , „j~ 2 4- ,>>« 


>v - n 


y - )♦ 


2-sJjVI 2" il" V /2 i ,~^j 2 4- ,>, a 


>v - n 


y. - >. 


2-sJjVI a^ ii" a V4-2 i ,~,^j 2 4- />, a 


>v - yo 


y. - \. 


2-^ljVI a^ ii" a V4-2 i r„\j 2 4- ,>, a 


TA« - Y,A 


A« - V« 


O (JjLc -aLa-^a 


o Y,A 


A« - r« 


WE (^Uol iU>^ 


A- - \« 


a- -r« 


1 )KI ) ,U.»/>>tl ^j>.iA-».i <%l^,^« 



^ \ Y 













(_)i3j_*j ^ ''j *■— j j >• I Cj_jJj 4j| Jl-u ( ill (J-J^J S_j^=ljJjj Ju-J I 2 /ijlXitl ^_ aAjjIz dsljILaJ Cj_jjJI A I Jiir" i »l J-ftJ 
L&jJLaj (_jJ-3I - 4_»jljJI jjJijj L$_La Cj^Lj Ci—uTu aHj <J1jIj_=3 f-^J^ (J-* 3 ** ' " '* 2jj '^.' jLJlvVI jL^>- jJJ^"" 1 **',' 



"J- 



J=J 



*_<S 4_=3 j_SlHJL I 



fi J- 



Ivl 4 SjaJjO ^_ ^jLlL'^I -ilj-U O-jjJI (JJJ=LJ^ 4_Ll*_<a 4_J_)ljJ_S 4_Cj_i_uJ 






Top ball revol VM 

it lBOOR.P.M. 

or 1200 R. P.M. 

or 6O0B.P.M. BjllpotlockrioBina 

disc holder insert are 
,-> interchsngeatile 



DynamomeTer membly 




To 
lernpefALure 

controller 



Mercury cup asembtv 
[G round-hearer regulator! 



JJjVI ji ^Ll^XjJjJ JlaJ I (JllJJi^JI 4_p-^L^3 jLlLvI jl ^ ( V . "I ) Ji 



*A3^J*J ? C £J'-^ (J - * 1 '-^^ L -^ a g-L-t-Lajl ( _ 3 _LiAj 4_ij=l : jJjjJl : i ( JI dij_jjJI Ja aj»ij (j^Ij 4-IjLLa 4jlojl~=i A^jjla 
<Jllj_jjJI tlLJD Ja *•>-■ 4_Lq-&l (jr-^ 1 ^1— ^J 2 J_C jLllcVI I2_ x—JsjJI (_r_-><j 4_tlc .a I JlJt" i nVI (J-jJ2 dsj-jjJI tlLJD 
j3|_j i_3j_<-u (_P-!I Bj-iJuJll J-^><-JI (J_alj^lj 4jjlajJlj jLjJlJI (j_a ^LJkJI (_r_i.ul_Lll (jL=jJLI ^_j •»■_■-*• caJI J^~ i £ul ^ 

• aLc J'^— ■ "■' 4_ji=_iJjjJ_ijJI 4 a j La ' 1 1 *.I.Sl (jj-^ 1 (jJ-'^Wj c -'d3-" 'A^ Cr^ 1 
aI JlJt" i nVI (J-jta 4_j^icJLI dlj_jijJI dlLJlj^>J >^ Laa II x—tJsjJIj 4_!jl_iJLI ^_ 4_»Ljrej^aJI 3j U^ ' ^^~' 

. tiUi Jl Loj 4_jj1sjJI *-lj-^>- <j-« *-UL> 4_L3^li>-lj i_ulj_ilu (j-a 4_j Laj CjjJ-'' tii-li 'Ji^>. (jyic LcLiIajl ^ Laju 



i ^r 













. ( _ 3 J=ljJjjJ_i ( JI L^JJJ (J'^j" ' "' -^'j— ■' ^ a J '' a " ^4^ f '-il (jLa-— — ! jLll— VI ^_ x__>jj (jl 4-i-^J jj-a 2I _Hj (_}— — 3 

J . L$J fiJJJVjJ.1 4_LJjJtJI aLi-<:L>. 2 I AJ*JVJ jJUU 3-t^SLjJjj! JL-A^J I —JJjjJI fijLSj ^jTn-U-a (J-— j-LlCl! I (J___4-1 

l_£Jj-J l_C-4 4_Jj=LjJjjJ_lJI _JJ_jjJI I2_ 4_UjJ_l 3j_L___Jlj 3j_U___]I aLi-i— >.^l 0jui 4_J IjjLj ih___3 aj~I Atl 2 A *,<• 

fiJJ-S (J— ^ *tr ^d>*-" aL— — >>Vl ,j-a (j— ili— j II *CLj . Jl_l*_l!I |_£J_tl <_— l-C. <Lt__ij.ljji lu-JI A a j La ' 1 1 ^c (jyij-II 4-!lj^ 

■i£j— "*' 'J- *^! 43"*^ Cr - ** (jlj - *'-" (j-* 3 '—'d)-" I {jla'^-i-j 
(jjL*J,l <_jJ_>J (j iijWil—LLa <_— lc (_£jJ_»o 4_jl I n*"— 1 '"'I _.——ll Jj_*ILa ^jj ^~*„' ' *• J~".' j" — "' ^M'-^" (<uj 

( £ . "I ) J^— -Jl 2_ L«_= L4I0 LgTuLgjyj A a j la ll I 2_ Zj-jl La— II 





(a) 



jljJ-JI Ji-Ji^ JlIc 4_*_.j^s j (j.g^tlaLim jj .".I _JaJ| ^JlClII A-i^lJjj Jl^J I _j jjjJ I j_l_ (1.1) J^— - 



x—tisjj Vj t 4_ ijjj (J-c— _ 3I (j I Jl-*j A a j_ a— 1 1 (j_a 4J J_L*JI OjjJI <jlj— *■ (Ji-JL^J J_L_ elLc j— i— II *__>^j 
j" L— II (j-a r-jL>JI C_jjJI 1 La » 1 a ;jj*~" ' ('-d-'lj"^ (J - - '- *-^ ' l_l$___L!I LJ (_i.-i-i.uj V (_^— »- 4____ll (JS-J-a aLal 
. lajreJLa (J___i_j 1 La— — aJI (j-a (JJ— u ^__j.JI 3jJl*_ II 4jI — j LaJ tiiJjj 4J (JiJ jJI __i___!l £jja (J— I ^jj__ij 

L— — ___— U aJL3— — — — OiL— _■( a I j! J—J j_yajj>fj L£JLl_3 aj *UJ i — jL— I L— ■>• (_5~C (_£ j— SJ vJ^Lflj! (J— _— _Jl_ui 



jl (j_jjj_!l j" L— 11 j_u__j jJl_3j . 3j__>- 2I 4_i_>j__!l j_j^_3 . ( __a___i 4_ajJ__LI ^_ 4_ujJlJI iLi_>VI *-^'-i3 O -41 
( . "I ) J^~ 1 —1 ^_ j_^i_JI jjja pljj^l I Jui (j_ _u 2juiL__a ( j__a_ajj . 4_ajJ_jJLI (jyJLu (jl (Jj— 1 CujjJI (Jl Ju— — il 

- n i - 













Button filter Port filter Line filter Fitting filter 



J_Lc j_3}LdJ I tiJJj *_Jalj-a (lr*-^ ( *\ - *W J^"" 1 "■ II J . ' fl-llll ,j_a 2 aj U ; 1 1 *.ljjvl f-J-«^>- cr^ 1 aaell 3 a j la 1 1 1 

Wire-mesh filter 







Separate filtration 
circuit 



o 



W 



Wire-mesh 
filter 
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filter 







S\ Main 
^— — \ system 
\S filter 



Wire- mesh 
filter 




X 




Servovalve 



-XD 




Return tine 

: y main system 

filter 



U_J I I L- I 

<U^=jl.Jjj jLfrl I 4 a j U. ; t 1 ^_ A-cu^jJI jJ&Lill *Ja1j.a ( 1 .1 ) Ji 



1 ^0 




AjJlJJt i-uJI 4 .jjjjtjl 



JL! 



.^ifflp ll LUjiiJIg .^inl l pilnlll nnlnll niniiig gll 



jji^irijjjuUwUi 



<il^jj 4j»jil^)| ^sIjJkJI 



1 



V 




^ 



*& 



^^ 



^Ull'^'' 



i>4 u uiji*» 3^' e*"* 






( _ T jk Loj jLiJIj (JjI lxlII (j^ajl '^-^ (j\j (jjj-alJI (jyic lj-ilJ2 ;JJ^~~ 'J (jl < -r l J^-^'' cA' 1 S- 1 -?^ tdjldwl 

.3jlj^>JI 4^-j^ , U» ,%.1l (JILa (J-olj^l fijuu j3Gj L-i-i=3j «GLJ^^j_a (JT ji Laj (_£jj>JI *.I^U <Lut.ij.LaJ I (_)^a I jj>J I 

:JilJLfc*J 

: (JT ic lj-iLJ2 ;jj^~~ '" BJjvjJI ojui J -1*^— ■" LaJiic 

I g^ajl .^.^ Cj^IjJI SjLLI dsVLv j 4_a.bJeJLI Jl of VI I§_ i U_.,„j^-, r I j g 1 1 jLxlJVI a I JlJcTo-uI ^2jJt-a 

_ A^>ii I J iLaJL>iaJ I (j-uljja _ i La j kju^X I *.lj-JL 4_x<aL>JI dsljuvjjlj 4_jjt_ijlaJI aj^susJI : A^jjla 

. (JjjLSJLI LLaJt-«iaj|j (j I La LI LLaJLJaJI ~~ 4_<-uLjJ2 <J1jI Juvjj (_£jj>JI i LaJI Jail 

. diljLiJI I§_ ajlj^JI <L>-j.Sj *s_su>Jlj i La » - ia 1 1 (j-u 4-3}L*JI : *-'_£(J' cJ^'j^J ** »*». l _ys\^s>ii\ 



A A * £yC 3jl Jl^>JI 0J-& (jLSjl 4_li.uJ (_LSj V (jl 

. dsLcl uj X 



. ^j^ujiljjl jiUjVIj <^Ijl3.jJI '"'I ^j;^".' J^^J' f^^' 



: SjlJLtlluLilxU 

•O Laut->ia 'I *_jL<j) *-lj*JI (_>^alj^>«j LjpjjLiLL ( <LiLal » Ja )VI j Lg *Jilji,l ) (Jjlj-ml! 4_j_<_uLi-uVI (_)^aljj>JI A^jjla 



\ n 







(_^5_j>tJI *.lj_Jlj (sj^JkjIj <JljljLiJI ) j_t-al_L»JI (j-a 4_cj_aj^ta (j-a (^j->- t-^^Lkj 4_Lal^ta (_>^J ^ ' 4 *-^' (3^ 
4_n.u_b s-L-ll jLJkjj ,_£j^>-2l <J1jIjLJl!I (j—a 4_cjj^jJtaj /j-i •>. , „ ^— ,jT / Y^ ^Ij^v j ^-^j^-^J- 1 /-VA ^ If (_£j-IL>o 
^_ ^.Ij-JI AjLielu-u-t^ . '"'I cLLt^aJl ,J "J 1 ' ^~\? 4 -^- a 3ri-^ (JLa-C ^1 <j_a j-u-^s ^_ ^.Ij-JI aJlJcTu-uj^. . I Jl>- 4_Llli.^> 
(jia-aj (J^l^ <— 1 LagTiil I j '"" ; J^~~ I ' ' 4 -^ 3 > JV ^r f«-^=-stlJI ^_ LuJljvj L-a-JLiuJI ^_ Ltiajlj <— )1jLj-<-uJ| <JljljLLal *.(J^J 

.<!L.<rJtj i-Ltiitlll <_ iLLm £_ til! Jl^=j t'J . ^ 1 1 

Ja all I I J—& 0-°i ■ *•' 9-»J' >J " a ' "' (jr 1 -*- 1 _9— ^9 'LuujJl 4_iJjl (j_ iaS-La aa_aJ a_& l_aa_uj Ja_aJ a 

H .» 1 , Ull ,5 v_&lq_Laa *'9tJ' ' " ^~V "" ' f*-" 1 (jr 1 -*- 1 9-^5 (JaaJLkai,l #-'^J' ) (-d-uLaajJu da-all I jj Laj t Laa_uj 
<JljVLj>iil ^_ (J-aJtU 1 La-t 1 »j^-i ^.Ij-JI (J^ t"i ( 11I : j_& 1 La j iuuaX I *-W-I' <j-£- ' ^-^ *J ' a *~ ^r (j^-uLi-u 2I f> J g a LI j 
^_ r*l*^~ ' **•"' 'I (_>*»f (J-° tiiijL=3J 4_i£.LL^aJI fij^JV 2lj '"'I '^^-'1 1 I (J-L^-iTaJ (_>>-I £yi ^j^Vvl «Lvj (jylc ' 4_i£.LL^aJI 

Ju2 CjL>o^?I (j) VI tJj^LLaVl (jylc ^jLlxlJVI 4_jlc (_3j_*j La ajijal £)j0 1 La j » ' b 1 1 *-I^JI <— sLj^-uL-ul (jl ,j-a aAjJLj 
(_3j— ClII tiUj-^jj 1 La j » - ^- 1 1 f-lj-JI <J1j Ljj_La_i j (_)^alj^w 1 fll "■ l^sl (J-^-I <j-a ( _ 7 _iJjL1I (jj_aJI *_jj (j^i»- <— ij-aTn-ul 

.Laj^kC. I ^jl^* 

tL^ajL^i^jrijUluVL^ 

: (JT jij B^LaU 4_aLc '"'I ^^^ Lsaj aj^Ij lLJLLa 
. JlxiI^JI .^ 
.JSIj^oJI .Y 

.^ijLiJi .r 

Lg->ia » J x_a ^ a \l , ^« " a p|j_aJ| ^_ (Jjjas^jj ^j a « jj I LfrLgaJtJ ^j£. Luj_aj 4 I SH 1 ■■ a diLjjij.j>iJI ^)J^~ '"' <JljljLiJI ^_ 
(jr JLc daJLLea II j j gJa Jl jl J_j>JL) dsl_jjij^>JI a il Lea " ^J|_j^ A.iLua 111 4^*_l1i j "^ **'^"' ^ L-$_d=iJj (jia-«-j II 
(JjJ=xj 4-lIcj x_tijJI i^LLa (JLa-&l (jJ=L^-i i lj-u~=i (JjJ=xj <J1jLjjiJ^>JI 4_=3j.j>- i^LLa j J lj_La_ij .(JIjJl^>JI 

.c-LaJI jl 4_a_aJI J_Lc ^gjLi-uTLa *.Lcj ^_ 4_ajjL>JI dsljLil! • Lai LeaJI 

*LjVI J^^> ii jf f«-*^>- J^tj (j_^xJj LpJ (>^t-a J^^> ii jl f<s-*^>- tiJLuk Q^=3^i ijiLai! AjjLiJI aJL^JI 2_ 

I j"' : ~'j >• i^LLaj cj-aTn-u-a 4.^3 jjv ^JLv ^_ Jl>-_jj (JjL-uJI <J1jLjjiJj>. ^jLa ((JjIjjjJI aJLv ^_ ( a I" jo «_tijJI j 
<JljLcj^u^a ^_ (JjLi-uJI <J1jL!uJj>. JlJv^jj I jjj i 2jjl_j>iil dlLjjij^>JI <_jJlJv i^J-S (jj-1^ 1 '— '-l^-U 4_j£L=3 CluliJ 

. nv . 







I Jl&j.jJjLijiJI •»■ La i ■■ (j-a ^ ...At pjH-b jj 4_i2L^3 4.^3 jjs. ^LLa jj^j *-j-^- ' . ' ' ""'^~'„' ^ J^"^ U ' L>° J ' 4 -*^'- <3 
(jJ=lJj (j-CL 1 '—' a T"**J ^ 1"^— a J^>-JJ B^Lci! 4JjLlxl!I 4JL>JI 2— •»■ La . uJI Jiic (JjLijiJI j^jc_ilu LaJ_Lc Cj Ju>o La 

. Lulis >l^=iui J^jj V 
JLv I§_ La=i L^aJlc <3-!j-£ Xi 'Ji'-^' <— ! '-4d>^' J—* 3 ^-luiu <— 'LAo^' ol-^ ' «J^L>J1 4_JL>J1 £_ Lai 

<J1i 1_u3^>J I 4_La_<_ulaj 2 Jufuj 4_iL=3-a ^_ Ci-iTu *.\^>Ji (jl 4^vjJu 2) l - '^~ l <-^-i LuV^-J ' (j - *- 1 i>9-3J' ;jj*~~ •" _g (J-ii a-mJI 

(J^Lij 4_ja}lju dsljLiJI ^_ 2jlj_>JI 4jjwj_Sj i La » LeaJlj 4-iJt-txLaJI ajj*-=»JI (j-o (J^ 3 ' .'"*j"j? 'j'j -=>, ^W ^'_9t^ ^^- c -^ 

. Lj-LeaJLJ *_« 
.<CuIj (_, A T. ^yJLill jLi-!l £a}Lc (jLa 4_A_bJeJLI jLiJI <JliVLv (j-a aAjJL «LJ? 4 flC°\jS\ <J1iL-uLlAJI C^ujI Ju2j 

.p , u; ,Mi • 

. Aj^LxJI <— i Ij-l<TlI I (j\j 4Ja}L*JI (j^l 4_ J u_t.il <_jjLs_i!l (j-a '". loIse- . ..I JjjLSjv <_dl_i__ _)j I n-~ •> 
._.l_j_) I g La » < _> _)L_ C_jL> 1^^^ i La aa. «_a JLiJI (j_<5 4 j-i^— ' C t '(■*■ < u lil . ^ 

:il>L«JI *__u «LiL_ i aJL^VI <_>._ ji_uu jLi.1 <j1 LiLLa .Y 
P V = (const.) T 

PV 

= const. 

T 

OjIj = COnSt. i ({y&== ) 4-AlLall ijlj^JI 4^.jJ) = T i f^t^JI = V i Jiiall laJLxiaJI = P 

- n a - 












14.7Ibf/in 2 = 101KN/m 2 = ^i ,U;,MI 



lPa = l 



JV 



m 



lKPa = 10 



IMPa = 10' 



3 jy_ 

m 2 

N 



m' 



: (_£jj>Jl iLaJL^aJ 



lbar = 10 5 -^- = O.lMPa = lOOKPa = 10 3 Pa = 1.01325 x 10 5 -^- = 16(cm)Hg = 14.7 ^ 



m 



m 



zn 



(R° = F° + 460)(£ V +c 



ilv^ =c^=^b i )ji ( K° = 1C° + 273 ) (vvr + ^^ \ = (^1== \ ) 

. (aJl*_u ) fiJlUI oJiic fjJj (^ jjl (jjlLail j luaJI j_& 273 j 



t^VI jrtill (jyic ^LUI jLki! aL«JI ^j^jLSJI ^-LlZL-ul jj^—-- g i 4_Jlcj 



py=mi?r 




Pv = i?r 


y 

y = — , 

m 


= MRTvP 


v- V -, 

n 


Tr = yP 


R = MR, 



i-llkll ijlj^JI T . jLAJI CxjD R . <Jq==iJI <_,_& m . j«sj»^»JI >& V . jlkU <U;>MI j_& P 



i I44U iUijuiaJI jdl^fU I 










(8314 J/KgmolK° = R ) jUU ^UU culill i? . ^V^ll ^j^ n . ^>>JI jj^l M 



(Jl !Ll»^=JI (jLa 4_JLC=3 I— JLUJ lil i J_J>- I (_g i'^' j! -(JJJI SJI I J_li aIJlJt" (ilL 3 Jjllai, I Cjl_jL4-=xJI (_jI i i{ "V. 



^Lsj^pjjaT (T ^ — 12 ) 2j\jjs^1\ <>-ji ^$-£ £JL>. £_ • 

: (^Jllll jLill j^La (_yj 



py 



const. 



PV PV 

f l'l _ r 2 f 2 T = T 

T T ' 



Pi V! = P 2 V 2 



:JL 



^1 cki - ^ 20 gal ( 75.7 L ) <Lc^v < iuSI j^VI iJUJI 4. P UI ^ ^jLaj ^L, ^h^ *L* <jlj 
dJlc_. u^= Alalia Jl »ull» <Liio jljlj ^lj.^1 JaJLi^ j^t Uis t 20 Ibf/in (137.9 kPa) ^jL^lj 4_j^ ^Lsll 

.O.V)J^AJl 



20 Ibf/inf 




(a) Before 




(b) After 



Sj!^>J! <L».j_i Cj^jj ^yic- J li« ( \ - V ) i_J^=u 



1 Y 



i I44U rt.tf.itkJ I ja lyW I 









:J— »JI 



^2 = 



P,V, 



l r 1 



Vo 



(137.9KN/m z + lOlKN/m z ) x (75.71 x lO'm' I L) 



(37.851x10 W/L) 



47SKPa(abs)(377 gauge) 



P 2 = 478 kPa 
478 kPa J\ 137.9 kPa <> jJGjla j^^JI ^^ii. jbjl jls ,U;,MI <jl J^}G 



py 



const. 



PV P V 

fl V 1 _ r 2 v 2 p _ p 

r r ' 



1 - -O 



_L — _2 

T T 



-^y l T 2 =v 2 T l 



<*l I" »lj-A (yJx-uaJ *u 1500 111" (_gjl ■■■ j slj aJVI J jJ3 (_yla»l J ?l I ^ ^j' 1 * p ^-^ < ^JtJI ; 2 J&^a <GljIa ml 

y . v ) j ^ a . ti uiup u^= ^IjJ^oVi ciiii jIj^sji j\ &] u* 93.3C ^jj> J I 26.67C ^j^ <> 2MjU...Vi 




-in- 













: J*J1 



V V 

— = — ^V l T 2 =V 2 T 1 

T x T 2 ~ ' 



T V 

1 2 y \ 



[(93.3C° + 273)(1500zn 3 x 16.39cm 3 /in 3 )] 
(26.67C° +273) 



30051cm 3 =1833.3zn 3 



1833.3 in" Jl 1500 in" ^ j-^jLs 3j1j^»J1 ij>.ji "^L±)-> -sl-sjl J^ ^»^>JI <ji J*^}G 






py 



pv p v 



const. 



Vi =V? 



P P 

M X 2 



-> PT = P T 



: J 

t^ja 4_Liic_ca3 fU i ( V . V ) J^xAJL Lc^3 cr-"^ '^i '^ (2000Ibf/in ) Jl J^i^ a *1j_& 4_> jJlLo *UI 

. i^lSt (n"tl 4jl<ir Jlaj (Pgauge) (j-uLai' JaJuiaJI jjfc La < 250F 4jvj-S Jl 80F 4^-J-i 



^ YY 














p - 2000 Ibf/in? 



7«80°F 



Pressure vessel 




T-260°F 



HM 



j<iJ»j>J! CjjSJ ^Ir JLi-a (V . V ) J^~- 1^1 



:J-JI 



P P 
T T 



-^■PT =PT 






2000 ^|- + 14 7 LL x ( 2 50F ° + 46o) 
in in y 

(80F° +460) 



2649Ibf /in : 



: ^jjjLfli.1 i La » i ^- 1 1 .SL>oVj i (jlLa-Q j_& l_L& i La » i '-^ 1 



P 2 = 2649 Ibf/in 2 - 14.7 Ibf/in 2 = 2634 Ibf/in 2 



.2 J 



2634 Ibf/hr J! 2000 Ibf/nT <> ^jLa Xjlj^J! i^ji nL^ j|j)l jfi ^Uil , U; ,MI j| .La^}G 



(_jia_ftj 2— (jJ=xJj i Cj^lliJI <— i Ij-iATLl I JljvI Ci—uTu Jl-*j Jljv I j j-iATLa tiJl_(ji (jL^J 4_liJj LI I Cj^LjJI ds VL>JI ^_ 
jLiJI (jjjl_£ a I Juir" i ill '—'—70 4_lLc i Cj^LjJI <— i Ij-iaTlI I S>-\ Ci-t-pj ■» j Laj i ■■ ' Vj (jlj-iiilLa tiJLlji (j^=xj <J1jVL>JI 

. ^UJI JLill 4- iiUi ji^Li: U^j Juke V I ^jjj^ 4_ ^Lill 



^ rr 









Jdttihtfl 




fj\ r.ijU , „Vi (jaij-s (<u < 2000 Ibf/in Sjl jlLo ^Lio . u ; , >> e**u 1500 in" L^aj&j*. r.ijL,,.T '%_ ^y* 

4^vjJi ^J\ 75F 4-^-j-S (j-^a ^MjU ...VI oJ_Jts tyLscuiSi *u-j 0_J2^JI q ■< aj 2_ 1000 111 Jl *ua=-=«JI J-^J <j^ 

Sol^k^Vl Jib ^I^U ^UUI ^LUI , U; ,MI ^Ui.d.V) J^xA JI 2_ ciUi j^LiJ L^= 250F 




1500 in. 3 



p=2000lbMn. 2 




1000 in. 3 



Heat 



Lsl^j 2jlj^>JI <L>-j.Sj *s_su>J I j-lsu (jyic JLlLa ( 1 . V ) J^" -1 ■ 



w 


P V 

*2 V 2 


r, 


r 


^2 = 


PVT 

r \ y 1 A 1 


rv 

"M v 2 



(2000/bf/zn 2 +14.7/b/ r /zn 2 )x(l500zn 3 )x(250F° + 46o)" 
(75F° + 460)x(l000zn 3 ) 



: J^>JI 



401 Ubf /in 2 abs 



P 2 = 401 Ubf /in 2 - 14.7 Lbf /in 2 =3996Ibf /in 2 (gauge) 

1500 Ibf/in ^j-a *-Jujl Ju2 sjIj^»JI 4-^-J-S 2^LjJJ *-*^>JI J-lISj Jlju (Pgauge) o- '-^'' Jaijua II <j? Ji_^}lj 

3996 Ibf/in 2 ,;} 



^ Yi 













:(SI) CjljLvjil ^jjJI aI la-Lib (Jj^-f cjua JULI J^J ^ajLtll C<-u!ll1j 



13793 - + 101 - 



m 



m~ 



23.89C° +273 
V J 



1500m 3 x 16.39°™- xKT 6 -" 7 - 

• 3 3 

^ zn cm 



(l21C° +273) 



3 3 

1000m 3 x 16.39 ^ x 10~ 6 *"— 
in cm 



(\389KN /m 2 \0 0246m 3 \394K°) 
(297K°)(0.0164m 3 ) 



27648/cPa(abs) = 27 '5 47 'kPa(gauge) = 27 .5MPa(gauge) 



(jt Tlv Q-«ia a --*' I J_J2 (jlj^>JI ^_ Jlj^vjJLI ^.Ij-JI Bjlj^v 4->.jl (jl 1 la >-^ ' dlLcl_<-u a • <U. \ jjjj ^ ^ L -*-^ • jL-J V,Y 
ilaJtJa II 4_<i_jJ2 j? ^^^ A-JL>JI t> J-A ^r ' ( j* Y * ) jlj_J»JI L^j ^j_-^jll 4_2jJl!I BjIj^v 4-jvj.S J! cJ-t^aj 

. jL *\,V ^yfc ocjisjll 

.^.Ij-JI *_2.S (j^l JaJt->iaJI jL^>- lJiJ2jj LoJiic (jlj^>JI '2— *-'^J I I fcjlg (jL^ 3 Cr* - " 'jL^^* 1- ^ *^"J-^ C? - *'-' 3 



PI = P + P 

P1 ABS =l + 7.2 = 8.2bar 
P2 abs =\ + 6.5 = 7.5bar 



: J-»JI 



V x = lnr 
V 2 =lm 



T 2 = 20 + 273 = 293K' 



pv P v 



r t 

1 l 1 2 



: L7 i\hi\ jUJI (j^Jll <j-«j 



^ Yo 






pv,r 9 p,r 9 8.2x293 

t = ' ' 2 =^^ = = 320K° =47C° 

p 2 y 2 p 2 7.5 



. i iV ^jLjij CxjL^3 

4_jvj_S pLajju i _ya\-L^ jjsz) 2jJlJ2 *_ajj3j . jL>*J 3jij-ia ^_ J-&J *-U' <j— a 3 J ' " > (_>al uaJLal (jr -lc J-SL-3 *.lj_jjl 
^jljjuv <jjJ-C J^- 56 ^ ' - ' Q 'JJ-*^ 5 ^r *-'_9r^ (J- *•-*' i-La^L-ujJ ( f.\X\ jLic_u *_nTu.U *-'j*JI ^dhM ^^ J •'jl^- 3 "'-" 

.Ji^l Jl Cy icl ^ ulj^ 1 
JaJt-JaJlJ i La-Ljj-J Vj «GjIjjs. 4j>-j_Sj *-W-J' A J i * : ~' .' ' La *<* Ja_uj3 ^.LJLI ^j^l <^>" ^1 (jy lc *-'j*J' 'J^ 3 

: (jy-&3 iJaLLaJI (J-2-iJ r Ijf tl j uIsaj (j-a Jj^-— • -:" ' ^^— 1 1 I fciic <— 3j-*^J' iSj3j ' * a '' (J-* 3 c^',^ 2JLC (_£jj>JI *.lj^U 

: (Dry air) e_aL>JI *!^J! • 

<JljljLc.j ZVA 4_n.u_b JN (j-La^Jj^p-t-lllj XY^ O2 -j-i ■*• . ■. ^ajVl (j.^3 Ja-t L>- (j_c 3jI_lC (_al_j>JI *. I j_J I j_pju 

: (Humid air) cJajJI #.1^11 • 

'JL jLjt-JI ?Jl_u ?lj-jJ' A>^ 'M *^i '-"^P* x_lAHJI JlJv ^J\ ^LJLI jLic_u J^ta stt^jJt jj^— _' 4.JL.JI oJl* 2_ 

' Vi^-i-iti 

: (Tdb)^L^JI «j!j^»JI ^-j-i • 

: (T w b)4_tLjJI 2jlj^JI ixj.i • 

4^>-jJlj 4_lL3jJI 2jIj_^kJI <Ij>.j_S l^j_»j .*.UL (J-Ltil (_)IiLiiiJI £j-a * *j^Joj c\ LaJLa 4_jjvL>-jJI gGJLu^aj ( ^^Lc 



in 







^Ij^JI (j-a Lg_L=j Jii»-j3 4_ILlU ^LUI 4jtlaJa (j-a *Ltl j_iit_i2! 4_<jj}UI sjlj^JI <jV tiJJjij ^LLp'SM *_j-<il!l 

. LJ 4-a_jJ2 (J^l (.iUjJI jILaj^pJI 3*-lj^2 (J-*^a3 LoJ-Lc LJ}L>. jlJLI (_£j^>JI 

: (T dp ) ^J_Lll <*.jj> • 

jL>«j ij[ £*-£>■ ■ i^j-^JI *-'j-«J' '^- JljvIjIJLI #.UI jL>«-> LiJiic ( al^suj <_y-JI Bjlj^sJI 4j>.j_S <j-C- 'jW 11 Cy* 

.l_£j^>JI *.lj-gl! (^J-iil ^-J-^ **-4-*^ ^LU jL=c_J ^j^JI i La-i tlaJI ^jLa 4-*_uIuJ 4jvj_S (jj-l-C. L-aJ2jIb *.Lll 

: ijjisjJI 3 1 1 a i • 

. (_al_j>J1 r I J g 11 3 1"^— II 3Jlj>-^J 3jJol_(ilj ^j^sJI ?lj-JI ^4- 2Jlj>-Ij11I ? UI jL>«j 4_J0^3 (j_c ajLlc (J-& 
*_<J .4_j_sL*JI 2jlj_^>JI dsLvjJlj (_£jj><JI i La » ' ia 1 1 J_Lc 4_jJLiLa dlljLc. *.Lll jL>«jj i_aL>JI f-I^^JI jLllcI (JJ=l-<w 
?lj-JI ^- JljvIjIII *LU jLJc_J (^J^sJI JaJLia II 2-Sl_jj J— a -il-ij-3 1^3-^JI r I J g W 4_j^lajJI 4-u.uJ jf rfS_L*JI 
(j I <«L»-p*j . Jj^— • ^ ' La j_l=jI f.ULI jLitjJ (^j^JI JaJL>iaj| ;JJ^~" '_' LaJiic ,j^~ i 1 ' "J „'^~^ d>J^"~ '"j? L^J^? 1 ^' 
LaJiic ,j^~ > < ' Lo j_l^3? ;jj^"~ '"' f-I^JJ <jjiajJI 4_n.uj (jLa ,_£Jii!l 4j>.j_S £_SJij>iJ *.U,I jLic_J (^j^JI i La-i tiaJI 

.^gjj>JI *.lj-gl! 4-aL>JI 2jlj^>JI 4jvjjJ ajjLji-<5 (^j_l!I 4j>.j_s •»■ _■ - ^" 

: <ju.it til Oalsvll • 
<_,)! ^JlJJI 4_jvjjJ jJiLiilj l£>^I ?l>^l '4r J-»-l>iXI *LJU j'-^^ C?4>?^' .U;.^ tl <j_mJ (j_C sjLlC (_,-& 

• 1_£>>JI ^l^i! 4_aL>JI Jjlj^JI 4^jJl! jiaLitl ?\X\ jLit^J l?-LH* ' ^ * ' X Cr^ 1 ' 

: <j$j1I <jjissjj| • 

4_jjlaj 4jla^=i j-l^s! Jl ^JuJI 4jvjjJ (Jj-LsLLllj ^gj^>JI ^-Ij^JI ^- 4_lLlSj>JI 4_jjiajJI 4 j^^— . ^^c 2jLlC (JT ji 

.i_£j^>JI ^.I^Jl! fijlj^>JI ijvjjj fijJaLiilj L^j^lb»o (jl ^jj>JI ^.Ij^i! (j^~ ' <ij 
(j-a Lg.i.u-je^a 4_«^5 JljvIjIlII ?.UI jLic-Jj l^Lj>JI ?.Ij^Jl! 4_lcjjJI LijJLiiJ^U ^j_l>JI pjj^>J,l ^c ^jI-j-c- (_,-& 

. *.I^JL (JjJlAJLI j-pJI (j^i j_L»j ^5 JJI l^L>JI ^.I^Jl! (j^cj-LII ^j_a=^>J1 ^j^l 3jLi^i j-& 



\ YV 












t ( Psycrometric Tables) £>Uf)&u<JI Ji'^ 

:4_jJl1!I (_)^3Ijj>JI (_£j^><JI i La » i ^- 1 1 4_Ln.a 4_h_l2J ^ La »" (Jjljjs. (j-c iJjLj-C lQ" a J^J ^~*.! ' *"' (Jj'^?" 
(jr cj_L!l *ua=-=»<-J I J 4_lc.j_L!I LijJLiiJVI c 4_u.i.u_L!I 4_jjIajJI c 4_ilajJI 2jlj_^JI 4_jvj_S (4_aL>JI 2jlj_^JI 4_jvj_S 

t ( Psycrometric Chart) £jU$jiyU(JI ^aJji- 

4_4-l3 Jl_LC s-lj-JI <JllVLvj ( _ys\^^~ (j^-AJ ^L-U (J-jILcJ 4-J-J-& (jr^ 1 4 -Lj-i-uJ (J-C SjLj-C- Lp" *\3j ^"'i ' "' '^-Laj^S- 

.^jj>JI i La » i^all 4_Ln.a 
, La j U -^- 1 1 U»"j ^.1 Jljv ^-ij-* (jr-^ ' 4 -jJI-^J' (J I ^~* "■ * ^ ^j- Tc—tisj-a J_& I -i*— 1 ( Lp" A J!j ^^4 ' "^ ^^rij"*' J 

( Saturation Line) ^_uin!l lL^ . \ 



/ 

/ | HrC 



H 



4_jjlajJI 4_n.uj dlLu J 4^L>JI 2jlj^>JI 4j>-j_S dlLu ( ^-liTuTl! I • i La j La s- ( . V ) J^~ ' "■ 
?-\-X\ jUe-J /_jvj>Ji J-aJL>ia II 4_n_i3 (j"*-C • (t) 2 51 >_>Jl 4_>. sjj 4_u.<.a 4_<i_i£ \Il>- I t x_uiiHjl 1 Laj>- j«_<_u>J 

2j1j^kJI 4_jvjjJ ^j^I ^2J 4LJuaJI jj^j . (0 .V ) J^xui 4- ( a ) ^-^ -^^ • (JjlJ^>Jl o-« ) (p v ) 

.st-LuiiUJI 1 Laa- (Jil^j i_3jj-u (ctj 4 La S ' 1 1 (jt jjiJ_LJI (J->iil . (tj 

: (Constant Dry Bulb Temperature Line) laUJI ejlj^-JI 4^j.j oLj .UjUv .y 

.2jIj^>JI '^>-J^ dsLu 1 La j La >• (JILcj (0 . V) J^-— • "■ 4_ 4_j_<_ujjjl i La j La^>J I 



^ YA 












: (Constant Humidity Ratio Lines) ZjjLj3\ a >t , uj oLu iajU^ .T 
: (Constant Relative Humidity Lines) aU^oIJI o^LjJI oLu lUjU-^ . 1 

IjJI AJaLiu-tl f> i >i a . (t) 2jlj_^>JI 4^>-jjJ 4_Ln.a 4_n_t2 j_l>J ( 4_i.li.u-L! I 4_iji_jJI dsLu i La j La a- j«__jjJ 
■ A^jL-u-jO *.lj_>-I 2j__u__ Jl (R.H. = 1) »_L-aT-(l i La j» j (R.H. = (J) ■ SqV I __5_>JI ^T-> * J J -_->■-, I 



R.H=1 




4_l.li.i-1! I 4_)ji_ijJI l_jLi_ i La j La >• ( "I . V ) (_)______ 

jLjj i La j La >• _5-~c (J__a_>_i t Zj_->_jllU ______!! _)___> . (t) 2jlj__»_!l 4_>-jjJ 4_iJ_i_t<3 rfu__! 4_J_4__!I jj__=j 

.("I - V) Jf_____ _]_ (H = C) 4 "n,„;! l i^L^I 

: (Constant Specific Enthalpy Lines) a_lcj_JI LJlfuVI oL_ .UjU^ .0 




A-L-ajJI Sjlj_=»JI 4jvj_S lIjLu j 4_LtjiJ| LjJLiiJVl diLu i UjUv ( v . V ) J^— 



1 YH 













i (rl) 4_JjlajJI 4_n.u_) 4— *J-2 lA-C . (t) <5jlj_J>JI 4_jvjjJ 4_Ln.a 4_n_l2 jUiJ i LljJLiiJVI dsL-LJ <1^S>~ {«U-ujJ 
Cr -ujjJ^l\ J^>J,! • (t) fijlj^>JI 4_jvjjj 4_1L"l^3 *U_2J 4_JUaJI Jj^J . (V . V) Ji=xui 4" (3.) 4_Li2J J>Jl>- 
4_ljLa i 4 oj^" 1 1 " " LijJLiiJVI <J1jLij i La j La a- (jl diijv^lj. (1 — C)l_LjJLiiJVI <J1jLij i Laj- (JIL^J i_3j-<-u (3.) 4-La-SJLI 

.(t) 4-2L>JI Bjlj^sJI 4j>-j_S 3-SLjj *_<J I j"' -1 J~°< jljlj3j 4jjljH<3J 

: (Constant Wet Bulb Temperatures) 3-JajJI ejij^JI <^j^ cjLu lLjU^ .1 
J^— ihi '2- < LijJLiiJVI ch\-h <-La -^ jLa C7 jI_jL.sVI «_lAhJI 4_j>.j.s J-Icj 3-JajJI Sjlj^JI 4j>.j_s jl ii.-p- 

i La >• x—a LijJLiiJVI <J1jL_u i La >• *_Lal_ii3 4_LaJL) .4_iiajJI 3jIj_j>JI 4_jvj_S CjlJj • La >• (J-Lfl-i (_3j_<-u i (V_V) 
4-Jvj_S CjLu .UV (V.V ) Jj=lA!I 4_ (ad) <-LaJ» JI4J j .4_LLajJI ajlj^»JI 4_>.j_s 4_^ JiJl^o (a) » uVitl 

. (t a =C)iJajJI ijlj^JI 

(Constant Specific Volume Lines) ^jiJI ?^>J\ <^\-& -^j^^ .V 




(jr cjjJI aj*j>JI <J1jLij i La j La -^ ( A . V ) Ji 



>-j.S 4_ <i_i£ (j^-C («_J -(Py) f •— *' J' **". 1 ^ Lt43^?^' i-La-«->ia L! 4_Ln.a 4_» T i£ jTi—-^ I t < ->-^.tl djL_t3 i La j La >• *i_<-ujJ 

.*l_tl jLitJ ^j^J! i La » i b U 4_1L"l^3 *u-2J 4_JUaJI J>=3 . (A . V ) Ji=xui 4- (3.) ; La flj J>Jl>. j . (t)SjljjJI 

^i-as-^JI CjLjj i La j La s- {j~\ • La »»^ J . (V — C) (jr cj_L!l ^vaj>JI <J1jLjj i La >• (JIL^J i_3jj-u (a) 4_Li2jJ ^j^uiSlAS (J-^JLl 

.4^L>JI 3jlj_=»JI 4j>-j_S fi-il-JJ ?-"' $"' ^Jl* -^'43^ ^£J'3^*°J 4jjL<5 I 4 ^j^" , „ a , Uj La >• j£. 3jLlC (jr cjJJI 



ir. 






j»_um 



J_<_Ct2)! 





Q.b & ) JiuJ _)J-VI _-.-_ _j^4---'->- _£? Ci^£, _^J A-alTtJeJll *-'^JI (j-sl^ji- ^Ll«j 4__jj__> (\ -V ) J^— t_JI TtJiisjJ 

.^j_^jj_=4__l!1 U^j^ __JL_. o 4-L___ jjjirti] (d.b & R.H) jl (w.b 
: (Importance of Psychrometry)^ *aj £-=-.» - -ti <u*__| 

(Comfort 4_sJjJI 4_JL__ Jplxjj J-^J-^ i_5--J' ^'jV' ' ** ■!J^~ 1 ^ 4_J|_s. (j_c <L_v|jjLf ?fj-Jl < L.Lt---Uj.-u-«Jj-L.«J 

i^vljJI 5JLv 4_aL>JI <>j1j_^J1 ijvjjij 4_l.h-i.l-L! I ^j^LsjJI ^^a l_jL__±!j_JI ,j-~»; j^* j . jL__}U Condition) 

. ( > ♦ .V ) J-_=L__ _L LaI^_ U__= Zj34-UI 



110 -^ Humidity 



I'*. 1 

Enthalpy 




^j_Laj)j____j__JI _L ( 4_v|jJ| 4JL2- ) aj-L-La ( > ♦ . V ) J_ 



(j-a jijJl_»JI _L 4__1_>JI 3jIj_>JI 4jvj-Sj XV J I XT ♦ _yj _sjJl>JI _L 4_l,ll<-I!I ajjLsjJI jj^— " jf *.Ll__ J-^a-L 



^n 













2jlj_J>JI <lJ>.J_Sj '/■ * Jl / £ ^j.^5 _SjJlJ><JI ^_ 4-U.l.u-u'l ^JjlajJI ;jj^~ '"' (J I (J-L^flJ LOJuUS Lq-Lu aY i Jl aY Y 
'— '— 70 L<5 JljJlj>OJ 4_2j_*_<5 Jj ^-— I ^ ' lQ~ a JU^~*.! *■*"' ^-* a i>^' (* ' t-LseH-m L> • ^"^ (j)\ (*^^ (j-* -ij^*^' ^- 4-2Lj><JI 
(>jlj_^»<JI 4_jvj_Sj 4_jjlajj'l 4_ajJ^j da_ajvj J)-^"""'^ d ^J^""" 1 "' -^'j-*' (JL^=-a1! <GjJl*j (J_l3 ( _ 3 j>-jL>JI *.l^l] ^jlj-^-l 

jLJkJ ( h "'^"*'**'J LijL_Lc (_jJ-!l 4_!L>JI O-mJjj (jLtxiJ^iJ 4JvljJI iJLs. (j-U-CLl 4_i_u.u-(j'l 'Ljjlajj'l <LLL2i> A JlJcTh-uJ J 

iAuL-iTuJI (j If *l_tl jL^«J J— <-a (j "^-IJ I— «-^= .2-SjLJI ?=-La_<-uVl c? _lc < (^j_j>JI *lj-jJI 4- J-^*l>^ ' et-LI 

.i^jLiJI •»■ La i ■■* I (jA* 1 L5^'-^ ?'j-* f-^^4 1 J^ P^^iO"^' (J" (J"*-*^ ' . '^^"v" ' IJjj'j"^ Lt^ . J P/"_9^ a I JlscIL-u u 

2_ SjsjLJI peJa m^l <_ T !c jLstJI ' " , / 1 ^— "' f-U 4-oj^UI iL>j)j_<ii]l JljJl^J 2_ LaLi IjjJl ^JjJI 4^-J-S t-xxlj I n^— 

. Lijj^a ^JOil ?.Lci! 4jL2LiJI *-lj*JI ' ^J^""" 1 "' J Lmlj^a (JILo 4 ^J^"— ' llj-i£ (j-^sLa^l 



:JL 



LjjIjjs. 4_JjL*j'l 2.sUI (j_a ^ \''-\' 7rjL>JI (J-jO 3 1 LaJLa ?.l_a,-<i ci-jj^xj 2jj-<-uL<a t ( \ \ . V ) ^ t«» » 1 1 J^— ■ ~.tl ^_ 
. (_£jlj_=»JI (JjLsJI Jl tfiLLij ajj^-uLcl! ( _ 3 j>-jL>JI pgJa-mJI (jyic f.ULI jL>«J lJijII^ij *_iJL (jyjLi.1 (JjLsJI (j^J 4-aj La j 

. ' ~ ) a - -^ 1 1 4j^u (Lfl-ilaJ (_ji-l Jul (j-o ^ < La i a Bjaj-uLlI (jULcic 









^ VAPOR 


BARRIER 




-INSULATION 




\ sjfr'-.- "..';■* -TH, 


^ TRUNK DUCT 


TAPED / 
JOINT ' 




^■^V:'- 


■1 lr?v^> * 


^L ^__-~ ACOUSTICAL 
* v .?^<7 DUCT LINER 



jliiK n .v)ji 



i La j ^- 1 I ^.la-JI 4_!Lva i j9_<j<LcjL! /—S-jLijI •»■ La i ■■ II 2jl >->■ A - s ^)-^ lA-> ' Lp" a JLP ^~* ■! ' ' ^-LajL>- a I JlscIu-u u 

tJ^JI 

- ^rr - 












•»■ La i ■■ II 2jlj_^v 4—>.jl ( j_jj^j (S) 4_La_2_iJI jjj Jl^>o O V_V ) J^~ i "■ lQ" A JiJ ^""'.l ' " '' 4 — ^J^" r^^r" "iL 

.<sjj-<-uL1,Lj da_L>JLl *-'^(JI 5JL>- (j^l j_l»j (1) <LLaiL2j| Lq-Lu 3 j j-<-u Lcl! (jy JvjL>JI 




Jliil J^ ( U.V)J- 



< ajj-^UU (S) Cr >-jL>JI pgJa ■- II Sjlj^ ^J- 5 (j- (j-^ (dp) iiaJiil] lLj-jj»J1 I ^Ij^il ^JuJI Ajvj.} OJL^jJ 

^j.^>" ^.po (s) CT ^jLiJi ^u,„ti ij\j^ i>.ji ^£jj < ( (n . v ) j^xAJl ^__^ U^a ) ajjIj^JI Jji_^Ji 

.BjjjjiUL iUj-»JLl ^-l^i! (^Jil!l ^-j-^ o-° cr^ 1 ' 



^ rr 




AjJlJJt i-uJI 4 .jjjjtjl 



JL! 



.^ifflp ll LUjiiJIg .^inl l pilnlll nnlnll niniiig gll 



jji^irijjjuUwUi 



da rt ♦ i s> \ I ^ I^J 1 w <^> 



•1 

I 



A 




^' 



»*» 



^^ 



^Ull'^'' 



|>4 U Uiji*» i^ e*"* 












.JjjjlJI 2_ <Lal JLJeTa-ul Jjja i La j » ■ b 1 I *. I_jJ I jjluzl^Ji *ul4jl~=3 ( _yic lj-SLJ2 jj^J ij\ <— ijJllti u^£- (-'-70 idjIdAjl 

: (jyic lj-iLJ2 ^)j^~ '" BJljvjJI ojui J -i^— •" LsJ-Lc 

. d_i 4_2jl_stJ I i-ijia^jl {_ya d-A-tAj><j j c-olj 1 11 II ^j-a 4 a.uaJj Julj i La j » 1 aa 1 1 ; ly II ^j liaAJj <LjjIojj| j«_ufcLfLo 

. Lfcjj-ajj , U j » , \ 1 1 ,-1 y II j j '^•"'' 'LajLjr" 1 11 U <Jl)LJj^3-U (<s^3 
. (J^JUI <^_ iLa-i 1 "J^~ 1 ' *-* J * ' aa ' I *'^(J' a' J^5=Jj-u' 



A ^ * * (j^l 2jl Jlj>JI tfjui (jl-Sjl 4-u.uJ (Jjjj V jjj 
(jy ic i_3j_sl1!Ij L^cIjjI (jyic (_3jjl1!Ij 1 La j LJaJj *-'^(JI J ' « ia -»•" I (J^jlII ^_ sJi^jvjJLI 1 La <~ I j 1 ^- 11 4_uL*jj 



4_2jLlxl!I 3 JlvjJI ^_ I j**< • ulj S f«_i (_jJ-!l s-lj-gl! <LiA.ij.LaJ I ( _)^aljj»<j'l <L2j_*_<a 



^rt 







;4 »J& 

^_ (J-q-tU i La-> i "j^— i *la_jl (J^ t"i ( ill 9_& i , u> a » , %. 1 1 £.1a_ 1 J1 j^j-C \j—& ' ' j < ^ r 3- ■ ■ -I ■ u 2i I a a g a 1 1 

. I j j^^-j" ^- f^^""" 1 still 

: Ja»1I ^ ^xw^ Ja$**»il s I4A} I 

. (JjwlJI 2— • La j » ' ^ 1 1 ^. i_5y-J I a I JlJcTli-u I (jjo <_j^_tcj h?!j- a <^JLiA 

: Jo^V i^i.U f 'j*J! a! Jliej i ill ulj^o 

. isjoju <_ iLaLi.u.1 (_ijjLjVI (J^ii>- 1 La j j « >> 1 1 ^.Ij^JI (J-2-i ^j i ~~ * < ' -V 

. 9->J' /J l ' La a it->iaJll *•' *(J' i— <J)-<-uj ,j^~ » 1 ' • Z. 

. isjlj_><JI 4jvj_Sj jj>JI '"'I A211 LluLu>. (J-"tJ-J ' La J «-<ia-l I *-l_£[JI -0 

. i La j «-Lea-t I *-l_£[JI a I JlJcTh-u I Jiic dsljLse-iLiI jLLaa»| JljvjjV ."I 

. J>jJL>JIj ^-—Li-u-L! I j <_jLiii-Vlj 4_jjI Jl*JI '"'I e.1 Lt^all 4_c^a (jt4^ tiJ-! Jl! < 4 fljiaj ajLo 1 La j » ' ia 1 1 *-'jJI -V 

. (JLsJlL-uVI ■* Lj I "J (J-d!l 4_t^3_p.J l La j kjU^X I ^.l^jJL) 4_^3L>JI tj-&>- j\ .A 

. ^-LluVI '2— 4-jJLc <J1jLc.j_<ji (jyic J j caj>J I I Il^a <a j tiiJjuj X^J-^ ' ^ J «->^aJl I *-W-" -^ 

. JijJjv ^Lj i La j LJa-ll *-lj*JI j_»*al_Lc 2^£j 4_Cj_<-u £— p^~ » still Jj^-—- a. ' ^ * 

. JuljJI i La » ' ^- 1 1 JuJs LoLcJ 4_LaJ_a i La j Liia-I, I ^I^JfJI fij^jvl.^ ^ 

. Ij_iIuLl<5 Ijl Ju*al J ) Li3J (ji Jj^-— ■ ^ ' 3 -^J^" . ..t I <JU L=3J_»lIl! I . ^ Y 

; kj&m f I^AJ I j»lJLu^l u^dift 

La Jljv J j v_kjJ L^=3jJ I 4 » ^~j a 4.JbLL> _Ll!^j «LajJLi i La j LiiaJL I »I^JI ■ ^ 

S-i^Iaj j I CjljjiLS LiLSj 4juo (^bjuj (jl_i 7r-a-i.uj 2( j 4 I J40* I jl JlcI i La j » • a 1 1 *I^Jl jl JlcI ajJj . Y 

(, Lai » <'y 1 V I (Jj-2j *I^JI (jV ) CjL-uLi^=jJL! 2 ^ Laj * aj 4jjLj ic.j_<ji 4_ p ^3 --" 1 1 (J^^lajV.Y 

J^jv^JLI 1 La » ' ga 1 1 JjJlj^ (jji^- 4^2^12 4-LuLa ojJl^ (j^l^ Ja^a c_kjJ L^=uJ I ^j^A-V * n > j^ t -— ■ ' 1 La j LiiaX I »I^JI ■ 1 

. tlLujij J_i-J I a I JlJcTli-uI (_UJaj2j LfeJuuj icj_iJlj (jl^ifoil) (^Jj-LaJI (JJ-La ' 2 La '"j a ( jL V ) » il L^aJ I 1 

. 3j_Li^3 ^.Ltii^jis CjJu»o 1 La j Ltiai, I «.I^-JI 7Z^y>- ■ 
.LJ^IJ CjJJJI jL><-! 7T3>^ > ' <—uulujl£ i (dJpe-Lxuid Cujjjl ^j-^* i *l^}Jl ^-a 1 La I >■ J ."[ 

- \fo _ 













< ^LUI jLi-II iiJj) I ( ii l£JLL-uj 4-Jf jLllcIj 4_iic. j3jj <_P-JI (J-aljJtJIj (_£jj>JI *-'^JI <J1jLjj-uL-uI (jyic i_3j_SLi!l Jl*jj 
.4_jjLaajjjl BjJlSji (J-2-! ^- <Lal J^cTu-u^s i La a » < ^ 1 I -- Ji ) ' i^> ' (j))-* 3 (J- 41 *3~?'_9* ^ ^ 'J^ <>~i-& <-lscJulu 

*.UI jL>«J (j— a *.l_aJI-J 4_2JL*JI 4_jjJojJI (j— a (_yaIieIL!l Ij-l^-Ij i La£ I Ja II (J^l -S *ure_i!uJi! I ^_ aJlscIu-u-II O-jjJI 
. L&^-lCj '"'I Jtjia i u|j <— )LaLa-i-aj j i i nlj^a <j_a <i a jia-Ll I *.ljj>J <L2L=jj iLa-CI LeaJI ?.ljj>-2 Iju*a (_i_i 



( _ 3 jJI i La j ILtia-l I *.lj_JI j "^- >i ' 4_2jj_La (j_c (^Jlj-a jj i saj (jLlLsju ( <_j . ^ .A) J^-— • lajl j ( I . ^ .A) J^"~ i iuJI 

J.!'^* * ' L* >"3l-<-C t j^» ' /J I 3 J ' ' L - 2o-i-u 



(; U Cj-^fl^. 




it-il tJJJ 



U | 








>/&• w* 






*-tyfo 






dajjt-M,! * l_9|J I JJ'^^" ( I . > . A ) Ji 



^rn 



b dual I i I^Ail J^aM 











ttr.-**W 



J ; T ^T W JJJ,TJ^IllJP '" i""m<»W f w " M "--' ' S * 







, u j » , %. 1 1 ? |^J I j i ,%.^. i ( <_j . S . A ) (_p 



3 a jJqJLa I *.lj^v 2 ijt_i-a (. i j i ii j X i_3L>. *.Ij_& ( jr J-C ^J J Lg3_3el! 4_j 4_2JL*JI 4_>jJs3jJI (j_a #.lj_JI ' * J^T* ' f<u_reTu 



: (val iaLoVLi <_<i_ia*jJI • 

*.lj-JI (JL^ol <Z-> <jL_> (jj-^J -4> J ^ 1 l— i_i>JU (Jl J -u i ill aHj ^j_=xJj Jj 2I 4_Sjj_LaJI La Jljv Jl 4-liTuj J-&J 
. ( V . A ) J^— ■ "■ ll ^_ I -i^— ' 4_jjj13J (Jlj_l2 2jIj_j>JI 4^vj jj ^j^- A-^ t_g_i_mj (_£ jJI -i^jJ.1 (Jji-i-ui ,j-« (—tlajJI 
^ j - a o3 ^ Laju ( 1 . A) J""- 1 uJI J • JLcVI (j_a i_aLv *.lj_ii rjj^jj -ij-J-ll (J-iL-ul (j_a j>_aA-Ll I *.Lil ' *j '^j'^ 
^_ 1 la a- Ji < i_3^Jl!I 2— #.lj_JI ' a j*^— 1 »J I j j^.' "'"' Cj ^~~* * ' <3d>^' 0Ji—fi . Jl^_uJL> L-a-LajsejJ I 4_JL«-*J 7=_tisji 
<ULuijlj £.lj_JI JiJ/JJ JlSU ' ^J^~* ' I ?rjl^ pLt' (J-* 3 *j '.'^~' '** „ i^"" 1 (Jj).}- 1 4-lLsjJI (3I3I-LI.I ^r ' ^J t^aJI J '^ 

.<jL_aJ>U <jvljJI i^j^ 4- (_aL>- -ijL iajJiJI J^b Jl 



^rv 



b dual I i I^Ail J^aM 












^j^sl ,^«" ^Vl t L-d-jjirstl!! ( Y . A ) (Ji 



Mt'Jr 




Jjp-uJLj L-a-LaJSE-jJ I 4_jJLa£. ?"J-"< ( ^ - A ) (Ji 



fkji> 



jui^uJL < LlI^III ( T . A ) Ji 



t(fil*--ft>il)>ttiil 

jl 1 1-"~ I lo ,j_a 4 a j la ! 1 1 j_t-al_L«J ( d u (_£l C u-m "2 (jr -=xJ ^.I^jJLj 4_2JL*JI ^IjJLI ,j_a (_yaiiejJI ^j_a JljV 
La L^-La p'j-if Cr-^ 1 Cr-^3 j-J^i-^JI aJlJcTu-u-) (_ 3 -S-i *•!_$-& (jj-^ 1 >Jj ua sellj . L&p-LCj (Jill Jljla i ul jl ClLoLa-ia 
(J.=3 JiJI ^_ I o^— i Cjlj_a «JlC 4_al JlJt" i ul 3.sLcjj 4-ajIaJj ,j^~ I 1 ' I o^"* 1 ' - ' I a -i La 2 JlC ^_ ^jj^~ U 

.(o.A) 



^rA 















( LtlaJQU Jj12 *1j_& j^Ia ( . A ) J* 



ila^LeaJ ) jjLsl^j (jyic- L^^-^* 1 - 1 3 ' L ^' (J-* 3 A^LSJI (_£Jl»J,I (jaijjjjl da_i<JI JlSU x_»ia^J 2^Lc 4-aJiiJI isjuvj 

. ( "I . A ) J^—- iSJI I2_ I -i^— ^ A^e-ilu-a J jUia j (<L-ul_jJ2j (— ) jlLaJJ i La » < ia 1 1 

t £0— *l 

(_£^IL>oj . 4_l!I 4jvL>JI C^J2j (_j!I «b i La ■^"''•^^ 4_ajji><jj 4ILlSjj Juu i La j iuu^X I *'j*J' *^! Lr"J^ l^^' j^F*^' J-*J 
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